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2008 CROP UPDATES – WEED UPDATE 
2007 was an even more challenging year than 2006, with the widely divergent seasons experienced in 
the North and Southern regions.  Despite this we have gathered a varied and detailed group of papers 
on weed topics in this years update. 
Herbicide resistance in annual ryegrass and wild radish are again major foci.  Genuine new herbicide 
modes of action are becoming more available for growers this year and we have some good 
information on them.  It is also timely that there is a workshop on ’pathways to registration’ and a 
number of papers on volatile esters. 
I would like to thank all of the authors (for getting their papers in on time, or pretty close anyway), the 
reviewers (who perform a valuable role in making sure that the papers are as high quality), and other 
convenors for their contribution in getting this book together. 
As always a very special thank you to Chiquita Butler in Document Support for putting the finishing 
touches on this book prior to printing (she probably did this over a week end) and to Julie Roche and 
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BOXER® GOLD, a new pre-emergent herbicide 
option for WA wheat and barley growers for the 
control of Annual Ryegrass and Toad Rush 
Craig A. Ruchs, Syngenta Crop Protection Australia Pty Ltd 
KEY MESSAGES 
Herbicide resistance is a major production constraint to cereal growers across the WA wheatbelt.  Of 
particular concern are recent resistance surveys that have highlighted the increasing number of 
Annual Ryegrass (Lolium rigidum Gaudin) populations that are developing resistance to the Group D 
mode of action (MOA) herbicides trifluralin and pendimethalin (Stomp*). 
In Australia during 2008, Syngenta Crop Protection will release, Boxer Gold, a soil applied 
pre-emergent herbicide for the control of Annual Ryegrass (ARG) and Toad Rush (Juncus bufonius) in 
wheat and barley^.  Boxer Gold contains 800 g/L prosulfocarb (Group E) and 120 g/L S-metolachlor 
(Group K) formulated as a non-staining emulsifiable concentrate.  The co-formulation of prosulfocarb 
and S-metolachlor provides growers with an alternative MOA for the control of ARG in wheat and 
barley. 
Key features of Boxer Gold: 
• New chemistry. 
• Alternative mode of action with no cross resistance to trifluralin. 
• Seven day window for incorporation. 
• Consistency in performance when controlling ARG. 
• Root, shoot and foliar uptake. 
• Non staining formulation. 
HERBICIDE RESISTANCE IS ON THE INCREASE 
Very high frequencies of ARG populations in WA now have multiple resistance to Group A (ACCase 
inhibitor) and Group B (ALS inhibitor) herbicides, with 24% of populations also shown to be developing 
resistance to trifluralin (Owen et al. 2005).  Whilst pre-emergent herbicide tank-mixtures with trifluralin 
may improve control of ARG in some instances, it is important that alternate MOA herbicides are 
developed for cereals in order to delay the onset of herbicide resistance development.  
BOXER GOLD, A NEW PRE-EMERGENT ALTERNATIVE 
In Australia during 2008, Syngenta Crop Protection will release, Boxer Gold, a soil-applied 
pre-emergent herbicide for the control of ARG and Toad Rush in wheat and barley^.  Boxer Gold 
contains 800 g/L prosulfocarb and 120 g/L S-metolachlor and is formulated as a non-staining 
emulsifiable concentrate liquid.  Prosulfocarb is a thiocarbamate herbicide initially developed as a low 
volatile alternative to volatile thiocarbamate herbicides, including triallate (Avadex* Xtra).  The 
co-formulation of prosulfocarb and S-metolachlor belongs to the Group E and Group K herbicide MOA 
groups and is classified as a multi-site effector herbicide.  The herbicide has multiple sites of action, 
including the inhibition of very long chain fatty acids (VLCFA) synthesis and subsequent cell 
membrane formation.  
A resistance screen of 22 known trifluralin resistant ARG biotypes showed no cross resistance 
between trifluralin and Boxer Gold (Ruchs and Boutsalis, 2007).  This finding has significant 
implications as it provides growers with a different herbicide MOA for the control of ARG in wheat and 
barley. 
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CONTROL OF ANNUAL RYEGRASS 
Field development of Boxer Gold in Australia began in 2004.  Boxer Gold was compared to currently 
registered herbicides applied at registered use rates.  Comparisons included TriflurX* (480 g/L 
trifluralin), Triflur Xcel* (500 g/L trifluralin), Stomp (330 g/L pendimethalin), Dual Gold® (960 g/L 
S-metolachlor) and various tank-mixtures of trifluralin with Avadex Xtra (500 g L-1 triallate), diuron and 
metribuzin. 
Boxer Gold will be registered at 2.5 L/ha applied alone or 1.5-2.5 L/ha + trifluralin 480 at 0.8-1.5 L/ha 
for the control of ARG and 1.25-2.5 L/ha for the control of Toad Rush in both wheat and barley^.  The 
primary mode of uptake is via the mesocotyl (base of coleoptile) although secondary uptake through 
the roots and foliage of susceptible grass and broadleaf weed species enables improved control of 
both surface germinating and deeper germinating weed seeds.  Field trials conducted on Group D 
susceptible populations have demonstrated that Boxer Gold applied at 2.5 L/ha provides control of 































Figure 1. Annual Ryegrass control (%) for Boxer Gold relative to the industry standard trifluralin 
480 g/L.  Data is mean of 47 replicated field trials conducted across southern Australia from 
2004-2007 and excludes Group D resistant sites.  Treatments followed by the same letter are 
not significantly different (P < 0.05). 
The development of Group D resistance in ARG has lead to more variable performance with trifluralin 
across a range of weed populations, particularly those with a long history of use.  When comparing the 
performance of Boxer Gold with trifluralin and common pre-emergent tank mix partners across all ARG 
populations, Boxer Gold provides greater consistency in performance due to the development of 
resistance to the Group D MOA herbicides (Figure 2). 
Australian field trials on Group D resistant ARG populations have supported pot screening results that 
showed effective control of trifluralin resistant biotypes.  Unlike trifluralin tank mixtures that commonly 
incorporate sub lethal dose rates of alternative MOA herbicides, the application of this herbicide at the 
maximum label use rate provides an effective rotational option to delay the onset of trifluralin 
resistance. 
INCORPORATION REQUIREMENTS 
The active ingredients in Boxer Gold are virtually non-volatile and are not readily degraded by sunlight.  
In fact, the major active ingredient prosulfocarb, was initially developed as a low volatile alternative to 
other thiocarbamate herbicides such as triallate.  The low volatile nature of Boxer Gold and negligible 
risk of photo-degradation allow the product to be applied up to seven days prior to sowing with no 
significant reduction in weed control.  Although the risk of product loss due to photodegradation or 
volatilisation is low, mechanical incorporation reduces the reliance on rainfall for incorporation of 
product into the weed seed zone.  Trials evaluating the performance of Boxer Gold when incorporated  
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by sowing (IBS) compared with post sowing pre-emergence (PSPE) have demonstrated improved 
weed control where the product is mechanically incorporated by the sowing operation (Figure 3).  
Subsequently, Boxer Gold will only be registered for use when mechanically IBS. 
Although Boxer Gold has higher relative solubility than trifluralin, active ingredient is still likely to bind 
to organic matter, including existing crop residues.  Higher stubble loads may result in tie-up of active 
ingredient and result in sub optimum weed control.  Thus, although the herbicide does have greater 
solubility and is likely to be the best available alternative from the perspective of tie-up on crop 
residues, the same rules apply to those of trifluralin, with greater than 40-50% soil cover being likely to 
significantly reduce weed control.  Consideration should be given to application practices that 
maximise the amount of herbicide contacting the soil.  Higher water volumes (above 70 L/ha) and a 




































Figure 2. Comparison of consistency in performance (% of sites with > 75% control) of Boxer Gold 
versus trifluralin and common pre-emergent tank-mixtures.  Summary of 52 replicated field 






























Figure 3. Comparison of mean ARG control (%) for Boxer Gold when incorporated by the sowing 
operation (IBS) or applied post-sowing pre-emergence (PSPE) at 2.5 L/ha.  Data is grand mean 
of 47 replicated field trials conducted across southern Australia from 2004-2007.  Treatments 
followed by the same letter are not significantly different (P < 0.05). 
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SEEDING SYSTEMS 
The efficacy of Boxer Gold in a range of seeding systems has been evaluated in numerous Australian 
field trials.  Like trifluralin, Boxer Gold is positionally selective, meaning that crop safety is primarily 
reliant upon separating the herbicide from the emerging crop.  In knife-point systems this means 
concentrating herbicide in the crop inter-row and requires careful attention to sowing speed to ensure 
adequate incorporation whilst minimising the potential for furrow wall collapse and soil throw into the 
adjacent seeding row.  In more conventional seeding systems seeding depth must ensure that the 
crop is sown below the herbicide band. 
A comparison of no-till knife point seeding systems versus more conventional full disturbance seeding 
systems has shown that knife point seeding systems provide both improved weed control and greater 
crop safety.  Not only is herbicide concentrated in the crop inter-row in knife point systems, but 
reduced disturbance also results in lower numbers of ARG germinating in this system relative to 
conventional or full cut systems.  The herbicide dilution effect associated with incorporation of 
herbicide over a greater soil volume in full disturbance seeding systems is commonly associated with 
poorer relative weed control under full cut. 
CROP SAFETY IN WHEAT AND BARLEY 
Extensive field testing of crop safety in both wheat and barley have shown crop safety equivalent to 
trifluralin 480 applied at 1.5-2.0 L/ha.  Crop tolerance screens at weed free trial sites have shown good 
crop safety, with no significant reduction in grain yield in 56 major wheat and 21 major barley varieties, 
including common varieties of durum.  
Whilst the rules of incorporation relating to herbicide placement are largely similar to those of trifluralin, 
it is important to understand the differences in leaching potential between the two herbicides and 
subsequent potential for movement of herbicide into the seeding row.  Whilst trifluralin is relatively 
immobile in the soil, Boxer Gold may move from the point of placement, particularly in sandy soils 
prone to leaching.  Thus care must be taken in soils with a higher leaching potential and where 
previous history has shown potential for damage from herbicides with a higher leaching index such as 
Dual Gold, metribuzin and the triazine herbicides.  
The factors that may increase the potential for crop injury for Boxer Gold are similar to most other 
pre-emergent herbicides and include:  inadequate positional separation between herbicide and seed; 
soils with high relative leaching potential; shallow seeding (< 15 mm); heavy rainfall events prior to 
crop emergence; rough and cloddy seedbeds; certain pre-emergent tank-mix partners; shorter 
coleoptile varieties and the use of fungicide seed treatments associated with shortening of the 
coleoptile. 
Further work is required to evaluate the relative crop safety of Boxer Gold when applied with other 
pre-emergent herbicides, particular those which are soil mobile (e.g. metribuzin and diuron).  Label 
guidelines must be adhered to regarding tank mixtures until sufficient additional data is available. 
CONCLUSIONS 
Boxer Gold provides a new option for the pre-emergent control of ARG and Toad Rush in wheat and 
barley.  Being of alternative MOA, this herbicide may be used for the control of Group A, B, C, D and 
M resistant ARG biotypes or as part of an integrated weed management program to delay the onset of 
trifluralin resistance.  The wider window for incorporation (seven days), rotational flexibility and 
compatibility of Boxer Gold with a range of knockdown herbicide and insecticide tank mix partners 
further adds to the flexibility of this herbicide relative to current pre-emergent alternatives. 
KEY WORDS 
Boxer Gold, prosulfocarb, S-metolachlor, Annual Ryegrass, Toad Rush, resistance, wheat, barley 
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Efficacy of Boxer Gold in the control of annual 
ryegrass in wheat 
Dr Abul Hashem, Senior Research Officer, Department of Agriculture and Food 
Western Australia, Northam;  Dr Catherine Borger, Research Officer, Department of 
Agriculture and Food Western Australia, Merredin; and  Mr Ken McKee, Field 
Development Manager, Syngenta Crop Protection Australia Pty Ltd 
KEY MESSAGES 
• Boxer Gold at 2500 mL/ha was as effective on annual ryegrass as Triflur Xcel® at 1450 mL/ha. 
• Wheat grain yield of Boxer Gold at 2500 mL/ha was similar to that of Triflur Xcel® at 
1450 mL/ha or mixture of Triflur Xcel® 1450 mL + Avadex® Xtra 1600 mL/ha.  But wheat yield 
was reduced by 4% with Dual Gold® compared to untreated control. 
• Increases in Boxer Gold to 5000 mL/ha increased wheat yield by about 8% although 
unacceptable crop injury has been observed at this rate in other trials.  So, the maximum 
registered use rate will be 2500 mL/ha. 
AIMS 
Annual ryegrass has developed widespread resistance to Group A, B, C, D and M herbicides.  
Trifluralin is the main herbicide being used to control this weed in cereals.  Since this weed has 
developed resistance to trifluralin in Western Australia, it is important to reduce pressure on trifluralin 
by finding alternatives.  While there are few herbicides available to control these weeds, Boxer Gold 
(prosulfocarb, Group E + S-metolachlor, Group K) has been found effective on annual ryegrass and 
may suppress barley grass.  But the efficacy of Boxer Gold needs to be compared with other 
herbicides and herbicide mixtures including trifluralin.  The aim of this trial was to compare the efficacy 
of Boxer Gold with other herbicides or herbicide mixtures on annual ryegrass in wheat. 
METHOD 
Design 
The treatments (Table 1) were laid out in randomised complete block design with four replications.  
The unit plot size was approximately 2 m x 20 m. 
Herbicides 
Herbicides were sprayed as per treatments (Table 1) before sowing wheat on 23 May 2007.  Jaguar® 
at 1 L/ha was sprayed across the whole trial site on 11 July 2007 to control broadleaf weeds, mainly 
wild radish. 
Sowing 
Wheat cv. Wyalkatchem was sown at 80 kg/ha on 23 May 2007 on wheat stubble at 25 cm row 
spacing using knife points.  The stubble cover on the ground was 15-20% at sowing.  Pre-sowing 
grass weed plant was at 1-1.5-leaf stage and density was too low to be counted.  Top soil was very 
dry (2.4% moisture in top 10 cm soil) on the day of sowing and seeding depth was 3.5-4 cm. 
Fertiliser 
At sowing, 100 kg/ha of Agras No. 1 fertiliser was applied.  Urea at 50 kg N/ha was top-dressed on 
12 July 2007. 
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Measurements 
Crop density and crop phytotoxicity (assessed by crop growth) were measured at four weeks after 
sowing (WAS).  Weed control efficacy was determined by performing weed counts four and seven 
WAS and assessing weed control per cent at four, seven and 15 WAS.  The crop was harvested on 
November 2007 and crop yield and quality were recorded. 
RESULTS 
Crop phytotoxicity 
The growth of wheat plants as assessed on 13 July 2007 was reduced 2-8% by herbicides (Table 1).  
However, wheat plants recovered well from such phytotoxicity as they aged.  Wyalkatchem is a short 
coleoptile cultivar. 
Wheat density 
The average wheat density on 20 June 2007 was 103 plants/m2 with no significant effect of herbicide 
treatments or rates of herbicides.  Lowest number of wheat heads (97 heads/m2) was recorded in 
treatment with Triflur Xcel® 1450 mL + Sencor® 310 g/ha and the highest number of heads 
(265 heads/m2) was recorded in the treatment with Boxer Gold at 5000 mL/ha (Table 1).  Increases in 
Boxer Gold to 5000 mL/ha increased wheat heads by about 7%, suggesting that wheat plants 
recovered well from an early growth reduction of 8%.  However, unacceptable crop injury has been 
observed at this rate in other trials. 
Table 1. Effect of Boxer Gold and other herbicides on crop establishment, wheat heads, annual 
ryegrass head control expressed as % of untreated control and wheat grain yield at Meckering 
WANTFA site in 2007 














  1. Untreated 100 245 0 3296 10.9 
  2. Boxer Gold 1500 mL 97 216 65 3208 10.8 
  3. Boxer Gold 2500 mL 96 246 76 3484 10.7 
  4. Boxer Gold 5000 mL 92 265 81 3566 10.6 
  5. Dual Gold 312.5 mL 98 262 19 3172 11.1 
  6. Boxer Gold 2500 mL + Logran® 35 g 93 227 80 3375 10.7 
  7. Triflur Xcel® 1450 mL 96 258 73 3465 10.5 
  8. Triflur Xcel® 2900 mL  94 217 89 3349 10.9 
  9. Triflur Xcel® 1450 mL + Avadex Xtra® 
1600 mL 
95 235 70 3442 10.8 
10. Triflur Xcel® 1450 mL + Sencor® 310 g 97 197 70 3254 10.7 
lsd.05 4.7 61.1 – 281.0 ns 
* Annual ryegrass heads in the untreated control = 64/m2. 
Weed control 
The natural background of weeds at this site was extremely low.  The average density of annual 
ryegrass was 9 plants/m2 and density of wild oats was 3 plants/m2.  Densities of barley grass and 
brome grass were too low to count. 
Annual ryegrass control was assessed by counting number of heads produced per unit area.  Number 
of annual ryegrass heads was reduced 76% by Boxer Gold at 2500 mL/ha and 81% at 5000 mL/ha 
compared to the untreated control (Table 1).  The reduction in the annual ryegrass heads by Triflur 
Xcel® at 1450 mL/ha was equivalent to that of Boxer Gold at 2500 mL/ha.  Reduction in annual 
ryegrass heads was the lowest in the Dual Gold® treatment. 
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Wheat grain yield and quality 
Highest grain yield of wheat was obtained from Boxer Gold 5000 mL/ha and the lowest from Dual 
Gold® 312.5 g (Table 1).  Boxer Gold at 2500 and 5000 mL increased wheat grain yield by 5 and 8% 
respectively over the untreated control.  Although wheat crop recovered well as the season 
progressed in this trial, summary of weed-free tolerance screens has shown Boxer Gold at 
5000 mL/ha to provide unacceptable levels of crop injury.  Wheat grain yield of Boxer Gold at 
2500 mL/ha was similar to that of Triflur Xcel® at 1450 mL/ha or mixture of Triflur Xcel® 1450 mL/ha + 
Avadex Xtra® 1600 mL/ha.  But wheat yield was reduced by 4% with Dual Gold® compared to 
untreated control probably due to greater weed competition.  There was no effect of herbicides on 
wheat grain protein (Table 1). 
Note: Boxer Gold and the tank mixes are not currently registered for weed control in wheat crop.  
Boxer Gold is expected to be registered for control of annual ryegrass and toad rush in wheat 
and barley in 2008 (pending registration approval from the Australian Pesticides and Veterinary 
Medicines Authority). 
CONCLUSIONS 
Boxer Gold at 2500 mL/ha was as effective on annual ryegrass as Triflur Xcel® at 1450 mL/ha.  
Wheat grain yield of Boxer Gold at 2500 mL/ha was similar to that of Triflur Xcel® at 1450 mL/ha or 
mixture of Triflur Xcel® 1450 mL + Avadex Xtra® 1600 mL/ha.  But wheat yield was reduced by 4% 
with Dual Gold® at 312.5 mL/ha compared with untreated control.  Increases in Boxer Gold to 
5000 mL/ha increased wheat yield by about 8% suggesting that wheat crop could tolerate this level of 
Boxer Gold.  Early crop growth was reduced up to 8% by high rate (5000 mL/ha) of Boxer Gold.  
Although wheat crop recovered well as the season progressed in this trial, summary of weed-free 
tolerance screens has shown Boxer Gold at 5000 mL/ha to provide unacceptable levels of crop injury.  
So, the maximum registered use rate will be 2500 mL/ha. 
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Boxer Gold, efficacy, mixtures of herbicides, wheat, annual ryegrass 
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Alternative herbicides to avoid trifluralin resistance 
Catherine Borger1 and Abul Hashem2, Department of Agriculture and Food, 
Western Australia;  1Merredin and 2Northam 
KEY MESSAGES 
• The herbicides Boxer Gold® and Product X provide improved control of annual ryegrass 
compared to Triflur Xcel® and Triflur Xcel® + Avadex Xtra®, and are viable alternatives to 
trifluralin. 
• The mixture Triflur Xcel® + Avadex Xtra® was not more effective against annual ryegrass than 
Triflur Xcel® alone. 
• Increased sowing rate reduced weed biomass at the Wongan Hills and Merredin site. 
AIMS 
Trifluralin is heavily relied upon for pre-emergent annual ryegrass control, particularly in no-till cropping 
systems.  However, trifluralin resistance is becoming widespread.  About 35% of annual ryegrass 
populations in South Australia have developed resistance, and three cases have been confirmed in 
Western Australia (WA).  More importantly, a recent survey conducted by WAHRI has indicated that 
24% of all annual ryegrass populations in WA are developing low levels of trifluralin resistance (1-20% 
survival).  The aim of this research was to investigate the alternative selective herbicides for 
pre-emergent annual ryegrass control. 
METHOD 
Four trials were conducted during 2007 at Merredin, Wongan Hills, Meckering (Western Australian No 
Till Farmers Association site) and Geraldton sown on 25 June, 4 June, 22 May and 27 June 2007.  
Trials were arranged in a split-plot design (with four blocks), on sites with an annual ryegrass (Lolium 
rigidum L.) seed bank.  The trials consisted of five herbicide treatments (Triflur Xcel® at 1.5 L/ha, 
Triflur Xcel® at 1 L/ha + Avadex Xtra® 1 L/ha, Boxer Gold® at 2.5 L/ha, Product X and Cheetah 
Gold® at 1 L/ha, applied with 100 L/ha water volume) nested within three sowing rates of wheat (50, 
100 and 150 kg/ha).  Herbicides (except Cheetah Gold®) were applied directly before sowing wheat 
with minimum tillage (knife points and press wheels).  Cheetah Gold® was applied at the three leaf 
stage of annual ryegrass.  Broad leaf weed herbicides (Lontrel® at 300 mL ha-1 and Jaguar® at 
1 L ha-1) were sprayed to control wild radish (Raphanus raphanistrum L.), capeweed (Arctotheca 
calendula L.) and volunteer lupins (Lupinus angustifolius L.), but no other pre- or post-emergent 
herbicides were used against grass weeds during these trials.  Over the growing season, all sites had 
below average rainfall, although the drought was most severe at Merredin and Geraldton. 
Weed and crop density and crop damage from herbicides was assessed 6 weeks after sowing.  The 
number of crop and weed heads, and crop and weed biomass were assessed at crop anthesis.  Yield 
was assessed at harvest, as was grain protein, clean seed weight, 500 seed weight and screenings.  
Data were analysed using an ANOVA, and means were separated using least significant difference 
(P < 0.05). 
RESULTS 
Crop and weed emergence 
Averaged over all four trial sites, crop emergence increased with increasing sowing rate, with 93, 156 
and 200 plants m-2 at sowing rates of 50, 100 and 150 kg ha-1 (lsd:  10.45, P < 0.001).  Crop 
emergence was also influenced by herbicides, with average emergence from plots treated with Triflur 
Xcel®, Triflur Xcel® + Avadex Xtra® and Boxer Gold® (146, 149 and 147 plants m-2) significantly 
lower than for Product X and Cheetah Gold® (153 and 155 plants m-2). 
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Initial annual ryegrass density varied between sites, ranging from 451 plants m-2 at Wongan Hills to 
15 plants m-2 at Geraldton.  The initial weed emergence data, weed head number and biomass data 
from the Geraldton site were excluded from this paper, as the annual ryegrass population was too 
sparse to allow for analysis. 
The herbicides Boxer Gold® and Product X provided equally effective annual ryegrass control at all 
sites (Table 1).  At Merredin and Meckering, these herbicides were as effective as Triflur Xcel® or 
Triflur Xcel® + Avadex Xtra®.  However, at Wongan Hills, where annual ryegrass density was greater, 
these herbicides were more effective than Triflur Xcel® or Triflur Xcel® + Avadex Xtra®. Cheetah 
Gold® was the least effective herbicide.  However, this herbicide was applied post emergent, and 
precipitation was too low to allow for optimal performance of post emergent herbicides. 
Table 1. Effect of herbicides on initial annual ryegrass density (plants m-2) at three locations, averaged 
over sowing rate in 2007 (P < 0.001) 
Herbicide Merredin Meckering Wongan Hills 
Product X 25.0 29.2 126.2 
Boxer Gold® 21.3 33.9 117.3 
Triflur Xcel® 28.9 26.3 237.1 
Triflur Xcel® + Avadex Xtra® 25.7 25 228.2 
Cheetah Gold® 145.8 59.7 222.7 
lsd 15.33 16.13 49.12 
Crop and weed biomass 
Wheat biomass at Wongan Hills increased with increasing sowing rate, presumably due to improved 
weed control.  Further, crop biomass was lower in the plots treated with Cheetah Gold® than any of 
the other herbicide treatments.  At Meckering and Merredin, wheat biomass was uniform (data not 
presented). 
Annual ryegrass biomass at Wongan Hills and Merredin was significantly reduced at high seeding 
rates (data not presented).  At Wongan Hills, weed biomass was lowest in the Product X and Boxer 
Gold® treatments and highest in plots treated with Cheetah Gold® (Table 2).  At Merredin, annual 
ryegrass biomass was lowest in the plots treated with Boxer Gold®, and greatest in the plots treated 
with Cheetah Gold®.  At Meckering, weed biomass was uniform.  However, annual ryegrass was the 
only weed at the Wongan Hills and Merredin sites.  At Meckering other weed species were present 
(such as wild oats and barley grass), which are not controlled by the herbicides used in this study.  
Given that there was no early control of these weeds, it is not surprising that weed biomass was not 
affected by herbicide treatment at anthesis. 
Table 2. Effect of herbicides on annual ryegrass biomass (g m-2) at Merredin and Wongan Hills, 
averaged over sowing rate in 2007 (P < 0.001) 
Herbicide Merredin Wongan Hills 
Product X 20.8 3.8 
Boxer Gold® 13.8 5.1 
Triflur Xcel® 21.2 10.2 
Triflur Xcel® Avadex Xtra® 18.9 11.0 
Cheetah Gold® 31.0 17.7 
lsd 5.70 3.09 
Crop yield 
Crop yield at Merredin was greatest in the plots treated with Boxer Gold®, Product X or Triflur Xcel® + 
Avadex Xtra® and lowest in plots treated with Cheetah Gold® (Table 3).  At Meckering, Product X 
plots produced the highest yield, while Boxer Gold® plots had significantly lower yield than the other 
treatments.  At Wongan Hills, Product X plots had the highest yield, followed by Boxer Gold® plots.  
Crop yield was not significantly different between treatments at Geraldton.  Overall, yields were 
generally greater for those plots with effective control of weeds and lower weed biomass at anthesis 
(Tables 1 and 2). 
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Wongan Hills was the only location where yield significantly increased with sowing rate (i.e. yield of 
2264, 2391 and 2849 kg ha-1 at sowing rates of 50, 100 and 150 kg ha-1 (P:  0.006, lsd:  294.4).  At the 
other sites, yield was uniform between sowing rates.  Likewise, protein and screenings were uniform 
over sowing rates and herbicide treatments at all sites.  Previous research has indicated that 
increasing sowing rate increases crop yield and reduces weed biomass and seed production in some 
years, depending on seasonal conditions and time of weed emergence.  It is likely that the low rainfall 
in 2007 influenced the affect of sowing rate on weed suppression at Merredin and Meckering. 
Table 3. Crop yield (kg ha-1) for each location and herbicide treatment, averaged over sowing rate 
(P < 0.05) 
Herbicide Merredin Meckering Wongan Hills Geraldton 
Product X 840 2590 3059 978.8 
Boxer Gold® 927 2204 2781 961.4 
Triflur Xcel® 827 2351 2345 971.6 
Triflur Xcel® Avadex Xtra® 868 2399 2421 1009.8 
Cheetah Gold® 764 2362 1899 988.5 
lsd 98.3 124.1 196.6 Not significant 
CONCLUSION 
The herbicides Boxer Gold® and Product X provided weed control that was equally effective 
compared to Triflur Xcel® and Triflur Xcel® + Avadex Xtra® at sites with low to average annual 
ryegrass density, but provided superior annual ryegrass control where weed density was greater.  
Effective initial control of annual ryegrass lead to reduced weed biomass and increased crop yield.  
Therefore these herbicides are viable alternatives to trifluralin, to delay or manage trifluralin resistance.  
The mixture Triflur Xcel® + Avadex Xtra® was not more effective than Triflur Xcel® alone, and did not 
control a broader spectrum of weed species (i.e. wild oats at Meckering) probably due to the low rate 
of Avadex Xtra® used in this study. 
KEY WORDS 
Boxer Gold®, Product X, trifluralin, resistance 
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Exciting new herbicides for ryegrass control in 
wheat 
Peter Newman, Department of Agriculture and Food, Western Australia, Geraldton 
KEY MESSAGES 
Two new ryegrass herbicides of novel modes of action look very promising for Australian growers.  
These herbicides will come into their own when trifluralin resistance becomes wide spread in WA.  
They offer similar levels of ryegrass control as trifluralin with excellent crop safety and possibly some 
suppression of wild radish and capeweed. 
AIMS 
To evaluate new herbicides and novel herbicide mixtures for ryegrass control in wheat. 
METHOD 
A Yellow sandplain soil site in the high rainfall zone (25 km east of Walkaway) near Geraldton was 
selected.  The paddock was in pasture in 2006 and was known to have ryegrass problems.  
Herbicides were applied at 64 L/ha water volume through 02 flat fan nozzles immediately before 
seeding (within two hours).  Calingiri wheat (95 kg/ha) was sown by grower with 60 kg/ha MAP at 
30 cm row spacing.  Seeding machine was a John Deere air drill (18 m) fitted with knife points and 
presswheels.  Flexi N was applied twice post sowing. 
RESULTS 
All herbicide treatments reduced ryegrass density by similar amounts compared to un-sprayed 
(p < 0.05, lsd = 11.5).  Differences in capeweed density between herbicide treatments were found 
(p < 0.05, lsd = 38.3.  There were no significant differences in wild radish density between treatments 
(p = 0.086). 








































































































































































































Figure 1. Ryegrass per m2, Wild radish per plot (plot = 12.6m2) and Capeweed /m2 for a range of 
herbicide treatments applied pre-sowing of wheat. 
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There was no significant difference in wheat yield between treatments (p > 0.05).  Only two reps were 
harvested due to mechanical problems.  CV between reps 5%. 
Wheat yield for a range of ryegrass herbicides pre sowing of wheat - 





































































































































































































Figure 2. Wheat yield (kg/ha) for a range of herbicide treatments applied pre-sowing of wheat. 
CONCLUSION 
The coded herbicide PN002 is still potentially several years from release and is looking very useful for 
Australian grain growers.  The mode of action of this herbicide is currently unknown and is likely to be 
considered a novel herbicide group for WA growers.  This product has shown excellent crop safety 
and offers similar ryegrass control to high rates of trifluralin.  The high level of control with the post 
sowing, pre-emergent (PSPE) treatment indicates that the product is not volatile however it is likely 
that pre-sowing application will give best weed control.  The pre-emergent application of PN002 gave 
91% ryegrass control, and 89% capeweed control.  This treatment also resulted in 82% wild radish 
control however this result was not significant (p > 0.05) due to large variation in wild radish density. 
Boxer Gold® is a new Syngenta product that is likely to be registered for use in Australia in 2008.  
Boxer Gold® is a combination of S-Metolachlor (Dual Gold, group K) and prosulfocarb (group E) and 
is considered to be a novel herbicide group for WA growers for ryegrass control.  Boxer Gold® is a 
pre-sowing herbicide and the label is likely to read that it should be incorporated within seven days of 
application.  The label rate of 2.5 L/ha gave 87% ryegrass control which was similar to trifluralin and 
PN002.  Boxer Gold® also gave 83% control of capeweed at the label rate.  Some radish suppression 
was observed however this was not significant. 
Both of these new herbicides represent new chemistry for Australian grain growers.  Integrated weed 
management messages were developed based on the assumption that there are no new herbicides 
coming for ryegrass management and now there are so perhaps the game has changed a little.  Many 
growers may choose to use and abuse the products while others will choose to preserve these new 
products to maximise their life span.  We now have the technology to make these products last for a 
very long time should the growers choose to adopt a sound IWM strategy from the outset.  What is 
important is that growers now have the choice. 
The Avadex® (triallate) mixes in this trial provided similar ryegrass control to trifluralin.  However, 
these mixes are cost prohibitive compared to trifluralin and above label rates of Dual Gold® were used 
and is therefore not recommended.  Research into Avadex® mixes will continue into the future.   
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Avadex® may be a viable alternative to trifluralin in the future if cheaper Avadex® comes to the 
Australian market. 
KEY WORDS 
wheat, ryegrass, herbicide, Boxer Gold, Trifluralin, Avadex 
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Herbicide options for resistant wild radish in wheat 
Peter Newman, Department of Agriculture and Food, Western Australia, Geraldton 
KEY MESSAGES 
There are new wild radish herbicides on the horizon but most still rely on phenoxy for complete wild 
radish control.  Jaguar and one of the new herbicides are good options where phenoxy resistance is a 
problem and weeds are small.  However, I don’t think herbicides alone will get us out of this one! 
METHOD 
Site:  Brad and Jan Eastough’s property, Red loamy sand; high rainfall zone (15 km SE of 
Northampton).  Trial area sprayed with Spray.Seed 1.2 L/ha + Trifluralin (480) 1.2 L/ha in 60 L 
water/ha on 5 June.  Sown dry on 5 June 2007 Calingiri wheat 70 kg/ha (germinating rain 23 June).  
Fertiliser − 90 kg/ha Nutri-star/Nutri-gras mix (60/40) drilled with 80 L/ha flexi N banded at sowing.  
Two leaf treatments applied 10 July 2007 (crop 1.5 to 2.5 leaf, radish cotyledon to small 2 leaf):  3.5 
leaf treatments applied 25 July 2007 (crop 3 to 4.5 leaf, radish up to 10 cm diameter ranging from 4 to 
6 leaf stage) in 70 L water/ha 02 flat fan nozzles, 12 kph, light wind, full sun, dry bulb/wet bulb 22/13 
both days.  Final weed assessments conducted on 23 August (final counts on Precept treatments 31 
August 2007).  Whole trial sprayed with Broadside 1.5 L/ha 31 August 2007 to clean up surviving 
radish.  Remaining radish hand weeded mid September.  Complete randomised block design.  Three 
reps x 18 treatments.  17 m plots. 
RESULTS 
Table 1. Per cent control of wild radish, wheat yield (kg/ha), crop phytotoxicity rating and hectolitre 
weight (kg/hL) for a range of herbicide treatments applied at the 2 leaf stage or the 3.5 crop 
leaf stage 







 Treatments applied at 2 leaf stage of crop     
1 Nil (average 11.5 wild radish/m2) 0 537 0 81.8 
2 Jaguar 600 mL 99.5 1031 0.67 82.5 
3 Linuron (480) 600 mL 78.9 1192 1 82.4 
4 Ecopar 400 mL 71.6 1113 0 82.7 
5 Ecopar 400 mL + MCPA Amine 500 mL 92.2 1222 0.33 82.7 
 Treatments applied at 3.5 leaf stage of crop     
6 MCPA LVE 500 mL + Ally 4 g + Logran 4 g + Wetter 68.2 1222 2.67 83.1 
7 Precept 1 L + Hasten  98.5 887 0.33 81.9 
8 Precept 1.5 L + Hasten  99.3 995 0 82.8 
9 Precept 2 L/ha + Hasten  99.5 1065 0 82.5 
10 PN001 low rate + Hasten  96.6 1045 0 82.6 
11 PN001 high rate + Hasten  97.3 1159 0.33 82.6 
12 Torpedo 100 mL + Uptake 0.5  67.2 930 0.33 81.8 
13 Torpedo 100 mL+ MCPA LVE 500 mL + Uptake  84.5 862 0.67 82.2 
14 X-Pand 125 g/ha + Uptake 0.5%  76.7 1176 0.67 82.5 
15 X-Pand 125 g/ha + MCPA LVE 500 mL + Uptake 93.7 1065 0.67 82.5 
16 Jaguar 600 mL + Lexone 100 g  100 1242 4.33 82.9 
17 Jaguar 350 mL + MCPA LVE 350 mL  89.1 1284 2 82.8 
18 Linuron 350 mL + MCPA Amine 500 mL  89.3 1124 2 82.6 
 lsd 5% 16.1 321 0.67 0.33 
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Crop phytotoxicity (phyto) was rated visually on a scale of 0 to 5 where 0 = no phyto, 1 = detectable 
colour change, 3 = obvious yellowing, 5 = severe crop yellowing.  There were no significant 
differences in screenings or protein between treatments. 
CONCLUSION 
Several new herbicides are likely to be registered for wild radish control in the near future.  Some of 
these are merely small variations on old themes whereas others are new chemistry.  Their ultimate 
challenge is to control 2,4-D resistant wild radish.  This trial evaluated some of the new herbicides 
along with some old herbicides that may be useful for the control of resistant wild radish. 
Jaguar® applied at 600 mL/ha at the 2 leaf stage of the crop (wild radish − cotyledon to 2 leaf stage) 
was the best treatment at this site (99.5% control, survivors were late germinators).  There are many 
who believe that Jaguar® will not kill radish, however, this is clearly not the case.  The key to success 
here is to spray early.  Adding metribuzin gave excellent control of 4 to 6 leaf radish but caused severe 
crop yellowing.  This did not translate to a yield penalty.  Low rates of Jaguar® and MCPA gave poor 
control.  This brew is built down to a price. 
PN001 is a coded product that was included under a confidentiality agreement.  This product gave 
excellent wild radish control with good crop safety in this trial.  This can be considered a genuinely 
new herbicide that does not rely on phenoxy herbicides for weed control. 
Ecopar® is a new herbicide from Sipcam Pacific Australia.  The active is pyraflufen ethyl 20 g/L 
(Group G) and will be mixed with MCPA Amine (500) 500 mL/ha.  It is registered from the 2 leaf stage 
of the crop.  When applied alone, Ecopar® gave 72% wild radish control.  This was improved to 92% 
control when MCPA was added.  Ecopar® is a contact type herbicide that relies on the phenoxy to 
destroy the crown of the plant.  Ecopar® may struggle to kill phenoxy resistant radish. 
Precept® is a new Bayer product due for commercial release in 2008.  It is a combination of a new 
active, pyrasulfotole 25 g/L (group H) and LVE MCPA 125 g/L + softener and will be registered at 1 to 
2 L/ha.  Precept® gave excellent wild radish control at all three rates in this trial.  Bayer have reported 
that stand alone wild radish control can be achieved at 50 gai/ha pyrasulfotole (2 L/ha Precept®).  The 
2 L/ha rate may be cost prohibitive for some growers.  At 1 L/ha, Precept® will rely on phenoxy 
herbicides to do at least some of the killing.  Crop safety with Precept® appears to be excellent at this 
stage.  So far there has been no recorded cross resistance to diflufenican.   
Torpedo® is a new Dow product that is a co-formulation of clorpyralid 300 g/L (Lontrel) + florasulam 
50 g/L (group B).  Florasulam is from the Eclipse® (metosulam) family of group B herbicides.  Michael 
Walsh (WAHRI) tested this over 74 radish populations last year.  At this rate 25% of populations had 
surviving wild radish plants (28% for Logran and 43% for Glean).  So this product may be marginally 
better than other group B products but growers will need to test it in their own paddocks prior to using 
it on a broad scale.  Torpedo® failed to control radish at this site due to the group B resistance status 
of the paddock.  Torpedo® will be of limited use in the Northern Agricultural Region of WA. 
X-Pand® is another new Dow product (previously coded as PN003 in this trial) due for release in 
2008.  X-Pand® is a combination of florasulam 40 g/kg and isoxaben 610 g/kg.  For best results this 
herbicide should be applied to small (cot to 2 leaf) radish.  The radish in this trial were 4 to 6 leaf 
hence the less than optimal result with this product when applied as a stand alone.  Isoxaben is known 
to have some residual activity on wild radish and gives good stand alone control of very small weeds, 
particularly where there is good soil moisture.  Results with florasulam will vary according to resistance 
status.  Future research will look into applying at earlier crop stages to target smaller weeds. 
Linuron (480) is an old product that is similar to diuron.  Linuron is apparently softer on the crop 
than diuron and appears to have better stand alone radish control than diuron when applied early.  
Linuron is a group C herbicide but there is no cross resistance between linuron and triazine herbicides.  
Further research to develop a mixing partner that improves radish control without reliance on phenoxy 
herbicides may lead to linuron becoming a useful herbicide for WA growers. 
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A near-complete control of wild radish with three 
new herbicide products 
Aik Cheam and Siew Lee, Department of Agriculture and Food, Western Australia, 
South Perth 
KEY MESSAGES 
Some of the commercial herbicide mixes now on the market and those about to be commercialised 
this season have shown great success in killing wild radish in cereals, including populations with 
multiple herbicide resistance.  However, controlling wild radish is still likely to be an issue and will need 
IWM techniques to help herbicides to reduce the wild radish density in cropping systems.  Herbicides 
can be highly effective but survivors can still produce on average 400-500 seeds/plant. 
AIMS 
To evaluate the efficacy of three new herbicide products on a population of wild radish resistant to 
three mode-of-action groups B, F and I and to compare their efficacy with some commercial 
standards. 
METHOD 
Three new herbicide products formulated as package mixes along with some old herbicides were 
evaluated in a wheat crop (Binnu) on a population of wild radish known to be resistant to herbicide 
groups B, F and I.  Two of the new products are due to be commercialised this season but the third 
product in 2009.  The products tested are shown in the results table.  Eclipse® was included to 
confirm Group B resistance in the population and florasulam (Group B) was used as a standalone to 
determine whether there is any cross resistance to Eclipse®.  The experimental design was a 
randomised complete block in three replicates. 
Prior to the field evaluation, a glasshouse screening to confirm the resistance status of the wild radish 
population was carried out.  The treated plants were examined periodically until the survivors started 
to flower. 
In the field trial, spraying was delayed due to unforeseen circumstances.  By the time spraying was 
carried out the wild radish had reached 5 to 6 leaf stage.  Three fixed quadrats (0.5 m X 0.5 m) were 
marked out at random within each plot before spraying and wild radish counts were made within each 
quadrat.  The efficacy of each treatment was determined by counting the number of wild radish 
survivors within the quadrats at the time of crop anthesis.  The survivors were collected to determine 
seed production. 
At the end of the season the crop was harvested to determine grain yield. 
RESULTS 
Glasshouse results 











) A.  Eclipse 7g + 0.5% Uptake oil
B.  Brodal Options 200 mL
C.  MCPA amine 1.2 L
 
The population was confirmed to be resistant to Eclipse® (Group B) and Brodal Options® (Group F) 
but there was only a small proportion (7%) of survivors following MCPA amine (Group I) treatment 
(see Figure 1). 
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Field results 
All the three new products Conclude® (florasulam + MCPA), Precept® (pyrasulfotole, a 
4-hydroxyphenylpyruvate dioxygenase (HPPD) inhibitor, placed under Group F but pending 
reclassification to Group H) + MCPA and PN 001 gave excellent control of wild radish (Table 1). 
The absence of cross resistance to florasulam in the Eclipse® resistant population (Table 1) is not 
surprising because there are various patterns of resistance across Group B herbicides due to different 
mutations of the ALS gene and differential binding.  The HPPD inhibitor pyrasulfotole in Precept® was 
effective on the diflufenican resistant population as it inhibits a different enzyme involved in carotenoid 
biosynthesis.  Unlike diflufenican it does not act on phytoene desaturase (PDS).  Precept® and 
PN 001 at the lower rate gave a slightly lower control of wild radish than the higher rate.  This was 
probably due to the late spraying.  For both products to be fully effective at the low rate the 
recommendation is to spray when the weed is at the 2 to 4 leaf stage with the addition of the adjuvant 
Hasten. In this trial, Hasten was not added. 
The seed production data of the wild radish survivors suggest that Precept® and PN 001 have the 
ability of reducing the reproductive capacity of the survivors more effectively than the other treatments. 
The standard treatments Tigrex®, Jaguar® and Affinity® plus MCPA were almost as effective as the 
new products giving control ranging from 91 to 95%. 
Crop yield 
All treatments out-yielded the no herbicide control (Table 1).  Precept® and the coded product PN 001 
at the higher rate resulted in the highest yield increase. 
Table 1. Per cent control of wild radish, seed production per surviving wild radish plant and wheat 
yield (kg/ha) following various herbicide treatments 
Treatment % control Seed/plant Wheat yield 
Conclude® 700 mL + Uptake oil 0.5% 99.5 450 1750 
Precept® 1.0 L 88.7 281 1730 
Precept® 2.0 L 98.0 285 2020 
PN 001 (low rate) 80.6 321 1880 
PN 001 (high rate) 98.0 223 2040 
Florasulam 100 mL 89.7 534 1740 
Eclipse 7 g + Uptake oil 0.5% 65.0 1067 1800 
MCPA LVE 1.6 L  91.8 438 1470 
Tigrex® 0.5 L  91.0 457 1840 
Jaguar® 0.5 L 94.8 440 1760 
Affinity® 60 g + MCPA amine 0.5 L 94.9 592 1940 
No herbicide control (70 wild radish/m2) 0.0 1236 1320 
lsd 5%  153 217 
CONCLUSION 
The results clearly illustrate the need to test for the full range of Group B and Group F herbicides when 
mixed with other herbicides to fully exploit their potential for use as mixtures for controlling multiple 
resistant wild radish in farming systems.  All the three new products Conclude®, Precept® and PN 001 
obviously have great potential for controlling multiple resistant wild radish and it appears that the weak 
resistance to the Group I phenoxy herbicides in this population, typically seen in wild radish 
populations, was insufficient to overcome the efficacy of these products. 
KEY WORDS 
wild radish, control, new products 
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An investigation of diflufenican resistance 
mechanism/s in wild radish 
Meagan Pearce, Dr Michael Walsh and Prof. Stephen Powles1 
1Western Australian Herbicide Resistance Initiative, School of Plant Biology, 
University of WA, Crawley   WA   6009 
KEY MESSAGES 
• Confirmed weak resistance mechanism is responsible for diflufenican resistance in two wild 
radish populations. 
• Resistance mechanism currently remains unknown. 
AIMS 
This study was aimed at quantifying the resistance level and cross resistance pattern of two wild 
radish populations with confirmed resistance to diflufenican.  Further studies investigating phytoene 
and diflufenican levels as well as herbicide translocation in diflufenican treated leaf tissue were aimed 
at investigating the resistance mechanism(s) in these populations.  
METHODS 
Two diflufenican-resistant wild radish populations, WARR 4 and WARR 5 and a known susceptible 
population, WARR 7, were screened in dose response and cross-resistance studies.  The WARR 5 
population originated from a cropping paddock near Yuna in the northern wheatbelt region of WA 
(Walsh et al. 2004).  The WARR 4 population originated from a cropping paddock near Mullewa 
(Cheam et al. 2000).  The susceptible population WARR 7 was collected from a reserve near Yuna in 
the northern region of the WA wheatbelt where there was no known herbicide selection (Walsh et al. 
2004).  Experiments were established, by planting 12 seeds of a population at 1 cm depth in 17 cm 
diameter pots lined with 2 cm of gravel and filled with potting mix.  After planting, pots were placed in a 
glasshouse in a randomised complete block design at UWA, Crawley campus where they were 
watered and fertilised as required for the duration of the experiment. 
Herbicide treatments 
Wild radish seedlings were sprayed at the 1-2 leaf stage using a dual nozzle cabinet sprayer with a 
delivery rate of 112.1 L/ha (200 kPa, 4 km/hr) and Teejet® 11001 nozzles.  In the dose response 
study eight rates (0, 12.5, 25, 50, 100, 200, 400 and 800 g diflufenican/ha) (Brodal Options, 500 g/kg) 
were applied to both populations.  Herbicide treatments used in the cross resistance screen are 
detailed in Table 1. 








rate Wetting agent 
Picolinafen 750 g/kg 50 g/ha Nil PDS-inhibitors 
Diflufenican 500 g/kg 200 mL/ha Nil 
Pyrasulfutole 300 g/L 2 L/ha 1% Hasten HPPD-inhibitors 
Isoxaflutole 750 g/kg 100 g/ha 1% Hasten 
Chlorosulfron 750 g/kg 20 g/ha 0.1% BS1000 ALS-inhibitors 
Imazamox 700 g/kg 50 g/ha 0.1% BS1000 
Atrazine 500 g/L 2 L/ha 1% Hasten PS II-inhibitors 
Diuron 900 g/L 1 kg/ha 1% Hasten 
Auxin Analog 2,4-D 625 g/L 1 L/ha Nil 
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Plant mortality assessments were made on 31 May 2007, 28 days after herbicide treatment.  Seedling 
survival was assessed by visual ratings of the centre growth point of the rosette of each plant.  If new 
green growth was present at the growing point, plants were determined to be alive with seedling 
mortality indicated by a white (bleached) growing point.  Above ground biomass production was 
determined at this time by cutting surviving plants at ground level, oven drying for 48 hours at 70ºC 
then weighing.  The growing point of plants surviving the recommended or higher application rates 
was not removed and these plants were allowed to recover.  The plants that recovered were re-
sprayed a week after harvest at twice the recommended rate of diflufenican.  Re-spraying of the 
resistant population resulted in only a slight (approx. 3%) increase in mortality, in comparison; all 
survivors in the susceptible population were killed by the second herbicide application. 
Analysis of plant survival and biomass data was conducted using a two-way analysis of variance 
(GenStat 9.2).  Least significant difference (lsd) values were used to compare the mean responses of 
wild radish populations at each herbicide rate (P < 0.05).  A population was classified as resistant if its 
survival was significantly greater than the susceptible population at the recommended application rate.  
The statistical program, R, was used to fit the log logistic three-parameter model to plant survival and 
biomass data. 
RESULTS 
The dose response study with diflufenican confirmed the resistance status of the resistant WARR 4 
population and identified that a weak resistance mechanism was present.  There were higher 
(P ≤ 0.05) levels of survival and plant biomass in the resistant population in comparison to the 
susceptible population at the recommended rate of diflufenican (100 g/ha) (Figure 1).  At this rate, 
45% of the resistant population survived though suffered a large reduction in biomass of almost 50%, 
whereas the susceptible population had 0% survival.  Survival and biomass of plants in the resistant 
population declined with increasing application rates, indicating that the mechanism responsible for 
resistance is a relatively weak one.  The ED50 values obtained from the regression analysis for plant 
survival were WARR 4; 110 g/ha and WARR 7; 54 g/ha, indicating a 2–fold (i.e. 110/54) level of 
resistance.  Similarly, ED50 values obtained from the regression analysis for plant biomass data were 
WARR 4; 115 g/ha and WARR 7; 34 g/ha, indicating a 3.4-fold level of resistance.  These ED50 ratios 
for population survival and plant biomass both indicate the presence of a weak resistance mechanism 
(S. Powles personal communication). 
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Figure 1. Population survival (a) and plant biomass (b) of WARR 4 (resistant) and WARR 7 (susceptible) 
following increasing application rates of diflufenican.  Bars represent standard error values 
showing variation around the mean of four replicates.  * Represent rates where survival of 
WARR 4 was significantly higher survival (p < 0.05) than WARR 7. 
A cross resistance screen across five different herbicide chemistry classes found that the WARR 4 
and WARR 5 populations were both resistant to more than one herbicide chemistry.  As expected, the 
WARR 4 population was resistant to PDS-inhibiting herbicides diflufenican and picolinafen, and the 
ALS-inhibiting herbicide, chlorsulfuron (Figure 2).  The WARR 4 population was susceptible to the 
HPPD-inhibitors, PS II-inhibitors and the auxin analog herbicides.  The WARR 5 population was 
confirmed as resistant to the PDS-inhibiting herbicides diflufenican and picolinafen, the PS II-inhibiting 
herbicide, atrazine, and the phenoxy herbicide, 2,4-D.  This population was susceptible to the 
HPPD-inhibitors, ALS-inhibitors and the PS II-inhibitor, diuron.  WARR 7 is a known susceptible 
population (Walsh et al. 2004); therefore, there should be little or no plant survival at the 
recommended application rate of herbicides used to control this weed.  The increased survival of this 
population following treatment with picolinafen, isoxaflutole and imazamox made it difficult to 


























































Figure 2. Survival of three wild radish populations treated with herbicides from five herbicide 
chemistries.  Bars represent standard error values showing variation around the mean of 
three replicates. 
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Measurements of leaf phytoene and diflufenican levels in diflufenican treated plants failed to indicate 
the presence of enhanced metabolism as the diflufenican resistance mechanism in resistant wild 
radish populations.  No differences in diflufenican content were found in the diflufenican treated leaves 
of susceptible and resistant wild radish plants (P > 0.05) (Figure 3).  This indicates that enhanced 
metabolism of diflufenican within the leaf tissue of resistant plants was not preventing this herbicide 
from reaching the target site.  However, large variations in leaf diflufenican content between replicates 
of individual populations (indicated by large standard error values) prevented reliable population 
comparisons (Figure 3). 
 
Figure 3. Diflufenican content in leaves of susceptible and resistant wild radish plants eight days after 
diflufenican treatment.  Bars represent standard error values showing variation around the 
mean of five replicates. 
Although phytoene was identified in using HPLC, an accurate measurement of phytoene level could 
not be obtained as there were several unidentified molecules co-eluting with phytoene (Figure 4).  The 
separation column used in this study did not allow for the isolation of phytoene alone.  These results 
indicate that further method development is required to improve the isolation and determination of 
phytoene for comparison of diflufenican activity between resistant and susceptible populations. 
 
Figure 4. Chromatogram generated from the output of photodiode array at 287 nm, showing the 
phytoenepeak absorbance in a bleached tissue sample, co-eluting with > 2 unidentified 
molecules. 
CONCLUSIONS 
Dose response studies confirmed a 2-4 fold level of resistance to diflufenican in the resistant 
populations, indicating that a weak resistance mechanism was involved.  An extensive cross-
resistance screen across five herbicide chemistries found that WARR 5 was multi-resistant to auxin 
analogs, photosystem II and phytoene desaturase-inhibiting herbicides while WARR 4 was deemed to 
be multi-resistant to phytoene desaturase and acetolactate synthase inhibiting herbicides.  Leaf tissue 
analyses of phytoene and diflufenican levels did not clearly indicate the mechanism/s involved in 
diflufenican resistance. 
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Synergistic effects of Group C and Group F 
herbicides on resistant and susceptible wild radish 
populations 
Kent Stone, Dr Michael Walsh and Prof. Stephen Powles1 
1Western Australian Herbicide Resistance Initiative, School of Plant Biology, 
University of WA, Crawley   WA   6009 
KEY MESSAGES  
• Synergistic effect was observed following application of Group C and Group F herbicides in 
combination on wild radish. 
• Addition of Group F in combination with atrazine stimulated the activity of this herbicide on an 
atrazine resistant wild radish population. 
AIMS 
This study investigated the potential for overcoming target site resistance to atrazine using a 
synergistic mixture of atrazine and the HPPD inhibitor mesotrione. 
METHODS 
A dose response study using combinations of atrazine (Group C) and mesotrione (Group F) 
investigated the potential synergistic action of these herbicides on wild radish populations.  A pot study 
was established on 11 May 2007 by planting seed of two wild radish populations WARR 25 
(susceptible) and WARR 5 (atrazine resistant) into 17 cm diameter pots (10 seeds/pot) filled with 
potting mix.  Pots were kept in a glass house at the University of Western Australia (UWA), Crawley 
where they were watered and fertilised using a complete liquid fertiliser as required throughout the 
experiment. 
When wild radish seedlings had reached the 2-3 true leaf stage, herbicide treatments were applied 
using a dual nozzle (Tee jet® 11001) cabinet sprayer with a delivery rate of 112 L/ha (200 kPa, 
4 km/hr). Atrazine (Nu-trazine 900 g ai/kg DF) was applied at five rates of 0, 31.25, 62.5, 93.75 and 
125 g ai/ha.  At each atrazine rate, mesotrione (Callisto 480 g ai/L SC) was applied at 0, 6.25, 12.5, 
18.75 and 25 g ai/ha.  These combinations resulted in a total of 25 herbicide treatments applied with 
1% v/v Hasten adjuvant to both WARR 8 and WARR 25 populations.  Survivors were counted 21 days 
after herbicide application (DAA).  Above ground biomass was also determined 21 DAA by cutting 
plants at ground level then oven dried at 70ºC for 48 hours before weighing.  
RESULTS 
Synergism between atrazine and mesotrione was observed with large reductions in the survival of 
both resistant and susceptible wild radish populations following the application of mixtures of these 
herbicides, in comparison to the individual effect of each herbicide.  Specifically a synergistic 
relationship can be seen by comparing the effect of 93.75 g ai/ha of atrazine alone on WARR 25 
where there was 93% survival and 6.25 g ai/ha of mesotrione alone where there was 85% survival of 
this population (Figure 1).  When these treatments are combined there is only three per cent survival 
of the WARR 25 population, indicating a substantially greater than additive effect of these two 
herbicides. 
A similar synergistic result was observed when these two herbicides were applied in combination to 
the atrazine resistant WARR 5 population.  The application of 6.25 g ai/ha mesotrione alone resulted 
in a population survival of 59% while 93.75 g ai/ha of atrazine alone resulted in 98% survival of the 
WARR 25 population.  The combination of these two rates of atrazine and mesotrione resulted in a 
population survival of only 24%.  The additive effect of this herbicide combination would have resulted 
in 57% survival which is 35% greater than the observed level of survival.  The WARR 5 population has  
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a target site resistance mechanism which means that survival of this population should not have 
decreased with the addition of atrazine.  The same pattern can also be observed in the plant biomass 
reductions seen at these same rates, although these are somewhat harder to distinguish as a result of 
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Figure 1. Survival of WARR 5 (atrazine resistant) and WARR 25 (susceptible) wild radish populations 
with combinations of atrazine (A in g/ha) and mesotrione applied at increasing rates.  Capped 
bars on the graph lines represent standard error values showing variation around the mean of 
four replicates. 
A = 0 
A = 31.25 
A = 62.5 
A = 93.75 
A = 125 
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Figure 2. Plant biomass (% of control) of WARR 5 (atrazine resistant) and WARR 25 (susceptible) wild 
radish populations with combinations of atrazine (A in g/ha) and mesotrione applied at 
increasing rates.  Capped bars on the graph lines represent standard error values showing 
variation around the mean of four replicates. 
A = 0 
A = 31.25 
A = 62.5 
A = 93.75 
A = 125 
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CONCLUSIONS  
A synergistic relationship was suggested by levels of wild radish population survival following 
treatment with combinations of atrazine and mesotrione.  There was a greater than additive impact of 
these herbicides on the population survival levels of resistant and susceptible wild radish populations.  
These herbicide combinations also decreased the efficacy of the target site resistance mechanism 
with the atrazine/mesotrione mixture having a greater impact on survival than mesotrione alone.  
These experiments also highlighted the effectiveness of the HPPD inhibiting herbicides on wild radish 
and in particular on the target site atrazine resistant population, indicating the potential use for these 
herbicides in Australian agriculture. 
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Precept® for the management of wild radish 
resistant to PDS inhibiting herbicides 
Mike Clarke and Andrew Loorham, Bayer Cropscience Pty Ltd, 391-393 Tooronga 
Road, East Hawthorne   Victoria   3123 
Dr Michael Walsh, WAHRI, University of Western Australia 
KEY MESSAGES 
Bayer Cropscience has registered Precept (25 g/L pyrasulfotole + 125 g/L MCPA + 6.25 g/L 
mefenpyr-diethyl) for the control of wild radish (Raphanus raphanistrum) and other annual broad leaf 
weeds in cereals.  Pyrasulfotole acts on the HPPD enzyme which like the PDS enzyme is also 
involved in carotenoid biosynthesis.  Precept controls PDS resistant as well as susceptible wild radish 
populations.  Field studies confirm the ability of Precept to be a useful tool for growers managing wild 
radish. 
AIMS 
To evaluate Precept on a wild radish population that is resistant to PDS (phytoene desaturase) 
inhibiting herbicides. 
To evaluate the field activity of Precept for the control of wild radish. 
METHOD 
Pyrasulfotole dose response pot study 
A dose response study evaluated the effect of increasing application rates of Precept on seedling 
survival and biomass production of PDS inhibitor resistant (WARR5) and susceptible (WARR25) wild 
radish populations.  
Seeds of the two wild radish populations (WARR 25, and WARR 5) were planted at 2 cm depth into 
17 cm diameter pots filled with potting mix (25% river sand, 25% peat moss and 50% mulched pine 
bark v/v) at a density of 12 seeds per pot.  After planting the pots were watered and then moved to an 
outside growth area where they were watered and fertilised as necessary.  
Herbicide treatments (Table 1) were applied at the two true-leaf stage of wild radish plants.  
Treatments were applied using a track-mounted cabinet sprayer, fitted with two flat-fan jets (Teejet 
XR11001) at a 50 cm spray height, delivering a water volume of 110 L/ha at 3.6 kph and 210 KPa 
pressure.  
Table 1. Herbicides and application rates used in the pyrasulfotole evaluation 
Herbicide treatments Application rates (g pyrasulfotole/ha) Product rates (mL/ha) 
Precept* 0, 6.25, 12.5, 25, 50, and 100 0, 250, 500, 1000RR, 2000RR and 4000 
Brodal Options®  200 mL/ha 
Glean®  25 g + BS1000 at 0.1% v/v 
2,4-D amine (62.5%)  1.0 L/ha 
* Hasten at 1% v/v was added to all Precept treatments.  RR – registered rate. 
Plant survival and biomass production were assessed 21 days after herbicide treatment application.  
At this time surviving wild radish were counted, harvested by cutting at ground level before oven drying 
at 70oC for 48 hours and weighing.  
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Precept was evaluated for its efficacy on wild radish following post emergence application in winter 
cereals at a total of 84 field trials across Australia during the 2003 to 2007 seasons.  Forty-six of those 
trials were conducted in Western Australia.  At each site the trial design was a randomised block 
design with three or four replicates of herbicide treatments (Table 2) applied on plots measuring 
10 m x 2 m in size to 15 m x 2.5 m.  Wild radish density ranged from 0.5 to 525 plants/m2 with mean 
density of 73 plants/m2. 
Herbicide treatments were evaluated for final control based on a visual rating of weed whole tops 
control and weed survival counts. Visual control data is presented to reflect observed weed biomass 
control.  
RESULTS 
Pyrasulfotole dose response pot study 
The pyrasulfotole containing herbicide Precept effectively controlled PDS inhibitor resistant (WARR 5) 
and susceptible (WARR 25) wild radish populations.  At the low rate (250 mL/ha) of Precept, one 
quarter the recommended rate, approximately 30% of both populations survived.  There was also 5% 
survival of the WARR 25 population at the 500 mL/ha rate of Precept.  Precept was more effective in 
controlling resistant and susceptible wild radish populations than the industry standards of Glean 







Figure 1. Effect of increasing application rates of Precept and single application rates of chlorsulfuron, 
diflufenican and 2,4-D amine on the survival of diflufenican resistant (WARR 5) and 
susceptible (WARR 25) wild radish populations.  Bars represent standard errors of the mean 
of four replicates. 
Low biomass levels were recorded for nearly all treatments where substantial levels of survival 
occurred indicating that surviving plants were severely affected by herbicide treatments.  Herbicide 
affected plants although unlikely to be competitive within a crop would potentially survive to completed 
seed production.  Only the diflufenican resistant WARR5 population produced higher levels of biomass 







Figure 2. Effect of increasing application rates of Precept and single application rates of chlorsulfuron, 
diflufenican and 2,4-D amine on the biomass as a percentage of the untreated control of 
diflufenican resistant (WARR 5) and susceptible (WARR 25) wild radish populations.  Bars 
represent standard errors of the mean of four replicates. 
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Field evaluations 
Precept at 1.0 L/ha provides reliable control of up to 4 leaf susceptible wild radish when used as 
directed (Table 2).  Lowering the Precept rate below 1.0 L/ha to 0.5 L/ha on up to 4 leaf wild radish 
reduced mean control.  At later wild radish growth stages (up to 8 leaf) higher rates of Precept (up to 
2.0 L/ha) are required for good control.  Precept can provide acceptable levels of control of larger wild 
radish but results are more variable in part due to herbicide coverage.  Precept is used with Hasten® 
at 1% v/v or spray grade liquid ammonium sulphate at 500 g ai/ha.  
Table 2. Observed control of wild radish within cereal crops by Precept plus Hasten at 1% v/v and  




(L/ha) Wild radish growth stage 
0.5 1.0 1.5 2.0 0.5 0.75 
Mean 82.8 96.0 99.0 98.4 94.9 94.7 Up to 4 leaf 
# obs. 8 19 7 9 15 3 
Mean 70.4 88.5 91.4 95.9 85.7 97.2 5-8 leaf  
# obs. 23 49 18 29 44 10 
Mean 77.5 82.3 92.1 94.4 76.0 84.5 > 8 leaf  
# obs. 6 12 7 9 12 2 
CONCLUSION 
Field and pot studies confirmed the ability of Precept to be a useful tool for growers in managing 
resistant and susceptible wild radish populations within the winter cereal cropping systems.  Dose 
response studies indicated the enhanced efficacy of Precept, over the industry standard herbicide 
treatments in controlling the diflufenican resistant (WARR 5) and susceptible (WARR 25) wild radish 
populations.  Extensive field evaluations confirmed the efficacy of Precept in controlling wild radish at 
up to the 8-leaf stage within winter cereal cropping systems.  
Pyrasulfotole is currently classified as a Group F (inhibitor of carotenoid biosynthesis) herbicide, 
though it is pending reclassification to Group H.  Unlike diflufenican and picolinofen which target the 
PDS enzyme, pyrasulfotole targets the HPPD enzyme (4-hydroxphenylpyruvatedeoxygenase).  Similar 
to all group F herbicides pyrasulfotole also inhibits carotenoid biosynthesis, however, this herbicide 
acts on the HPPD enzyme, a different pathway process to that of the PDS enzyme.  
Therefore, pyrasulfatole controls wild radish populations that are resistant to PDS inhibiting herbicides.  
KEY WORDS 
wild radish, control, Precept 
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Evolution of glyphosate resistance in annual 
ryegrass:  Effects of cutting rates 
Roberto Busi and Stephen B. Powles 
Western Australian Herbicide Resistance Initiative, School of Plant Biology, The 
University of Western Australia;  E-mail:  rbusi@cyllene.uwa.edu.au 
KEY MESSAGES 
Glyphosate is currently Australia and world’s most important and widely used herbicide. 
Recurrent selection with low (sub-optimal) herbicide rates can favour the enrichment of several minor 
resistance genes. 
After three cycles of glyphosate selection the progeny of a glyphosate-susceptible annual ryegrass 
population has shifted towards being resistant. 
Glyphosate should be used at full label rates as rate cutting can lead to glyphosate resistance. 
AIMS 
Test the potential of low glyphosate dose to select for glyphosate resistance. 
Characterise plant survival and the relevance of glyphosate resistance after three cycles of recurrent 
selection at low rates. 
METHOD 
Plant material 
A population of annual ryegrass (VLR1), known to be susceptible to all the registered herbicides used 
in Australia, was used in this study as a typical cross-pollinated grass weed species.  Seed stocks of 
this herbicide-susceptible population have been maintained since 1985 in absence of herbicide 
selection. 
Recurrent selection and response to selection 
Three cycles of recurrent selection at sub-optimal rates of glyphosate have been conducted on this 
herbicide-susceptible population.  In the first selection about 1000 unselected plants were sprayed 
with a range of glyphosate doses (from 0 to 550 g glyphosate ha-1).  Those surviving plants that were 
able to re-shoot after biomass assessment were selected, transplanted and grown to maturity.  The 
selection was performed at specific rates of glyphosate lower than the recommended field rate in 
Australia (1 L ha-1 of RoundUp Power Max®) (Table 1).  Similar selection intensities were applied to 
subsequent generations.  At flowering the selected plants were encaged in a pollen-proof enclosure to 
ensure random cross-pollination.  The seed obtained from these selected plants represented the 
selected progeny.  After harvest, seeds were maintained for at least one week in a hot and dry 
glasshouse environment (T > 30oC) before the selection experiment was re-established.  Seed 
germination higher than 50% was always achievable and two consecutive cycles of selection per year 
were performed.  The selected progenies were compared to the unselected populations in 
dose-response bioassays. 
Bioassays 
Plants were grown in a controlled environment room with supplemented artificial light (350 μmol m-2 
s-1) with photoperiod of 16 hours at 20/12°C (light phase coinciding with the warm phase).  Plants were 
treated at the two-leaf stage at 75, 150, 250, 350, 450 and 550 g glyphosate ha-1 plus an untreated 
control.  For each herbicide dose there were at least three replicates.  After 20 days, survivors were 
counted and fresh and dry biomass evaluated.  To evaluate glyphosate resistance in the selected 
progenies, dose-response bioassays were repeated at least once and the unselected parent 
population (VLR1) was included as a control. 
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Statistics 
Data sets from repeated experiments (not significantly different) were pooled, fitted to a logistic model 
and analysed by a Lack-of-fit F-test.  The herbicide rates causing 50% mortality (LD50) in the selected 
and the unselected populations at each generation were estimated by using the logistic model: 
Y = c + [(d-c) / [1 + (x/G)b] 
Y denotes the plant survival expressed as percentage of the untreated control, c and d are asymptotic 
values of Y at very low or very high rates, respectively, b the slope of the curve, G the herbicide rate at 
the point of inflection halfway between the upper and the lower asymptotes and x the herbicide rate.  
The response to selection for the different selected progenies was measured as the R:S ratio of 
estimated LD50 values. 
Table 1. Selection intensities applied to the unselected population (VLR1) and the selected progenies.  
Selection intensities correspond to sub-optimal glyphosate rates, plant survival (%) and 
number of selected plants 
Selection Population Glyphosate rate (g ae ha-1) Survival (%) Plants (n) 
1st Unselected VLR1 150 42 73 
2nd First progeny 350 10 13 
3rd Second progeny 250 13 15 
RESULTS 
The unselected VLR1 population was confirmed to be susceptible to glyphosate.  In several different 
dose-response bioassays no plants survived at 550 g glyphosate ha-1 (i.e. recommended label rate in 
Australia) and on average, 99% and 96% mortality was obtained at 450 and 350 g ha-1, respectively 
(Figure 1A). 
Glyphosate (g a.e. ha-1)
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 A B 
Figure 1. A:  Dose-response curve of the unselected population (VLR1) following a range of glyphosate 
doses.  The mean of nine different experiments (solid circles) and the standard errors (bars) 
are displayed.  B:  Dose-response bioassay of the unselected population (VLR1) (solid circles) 
and the third selected progeny with sub-optimal rates of glyphosate (open circles). 
This herbicide-susceptible population was subjected to three cycles of recurrent glyphosate selection 
at different rates (Table 1).  After one cycle of selection the progeny showed an increase of 8% in 
glyphosate resistance, compared to the susceptible unselected population.  The resistance level 
continued to increase with recurrent selection and the progeny exhibited substantial resistance to 
glyphosate compared to the unselected VLR1.  In this third selected progeny 20% and 8% survival 
(mean value) was recorded at the highest tested rates 450 and 550 g glyphosate ha-1, respectively 
(Figure 1B).  This represents the level of resistance at the field-applied glyphosate rate in Australia  
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endowed by unspecified resistance mechanisms after three cycles of glyphosate selection with 
sub-optimal rates.  The calculated R:S LD50 ratios for the third selected progeny are consistent with 
the data obtained from fresh and dry biomass (data not shown). 
CONCLUSION 
In cross-pollinated annual ryegrass, selection at sub-optimal rates of glyphosate caused a shift 
towards glyphosate resistance.  The selected progenies exhibited progressive accumulation of 
glyphosate resistance traits.  We obtained the same result in earlier experiments with annual ryegrass 
selected with diclofop-methyl at low rates (Neve and Powles, 2005).  However, resistance evolution to 
low rates of glyphosate seems to be slower.  The dose-response curves of the selected progenies 
showed a continuous increase of plant survival to glyphosate treatments which suggest the selected 
glyphosate resistance to be polygenic. 
Even a few individuals isolated from a population of annual ryegrass maintain high genetic variability 
for different plant traits.  We speculate that even a small ryegrass population contains several minor 
genes contributing to survival under glyphosate selection.  This is expressed as variable phenotypic 
response at sub-optimal doses of glyphosate (Figure 1). 
These studies indicate that herbicide selection imposed at low rates, within the phenotypic variability of 
a susceptible population, can result in resistance and provide strong evidence of what was postulated 
previously.  Glyphosate selection is ongoing on the same population to establish the extent to which 
low glyphosate rates can lead to polygenic-based glyphosate resistance.  The genetic basis will be 
investigated. 
We believe that in commercial crop fields weed species can receive sub-lethal herbicide selection.  
Several different factors can contribute to weeds receiving a sub-lethal dose:  low registered label 
rates (in Australia lower relative to world rate), farmers cutting rates below label rate (still a common 
practice), variable sized plants at spraying, spray pattern irregularities, herbicide drift, herbicide 
antagonism, poor water quality and partial control of non-target species.  All these are relevant factors 
that contribute to low herbicide dose and therefore low dose herbicide resistance evolution in field 
conditions is possible and should be further investigated. 
Several glyphosate-resistant weed species have been reported recently and therefore glyphosate 
should be considered as a precious resource and its efficacy preserved for the future.  Understanding 
the main factors that play a role in the evolution of resistant weed populations may be crucial to 
managing this problem and counteracting it.  One of the practical steps that can be done is to keep 
glyphosate rates at full label rate.  As the price of glyphosate is increasing it is important that growers 
and advisors are aware of the adverse impact of rate cutting. 
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Metribuzin and other herbicides pre-sowing of lupins 
Peter Newman, Department of Agriculture and Food, Western Australia, Geraldton 
KEY MESSAGES 
Metribuzin shows some promise as a pre-emergent herbicide option in lupins but is currently not 
registered for this timing.  Crop safety will need to be confirmed in a wet season. 
Boxer Gold® demonstrated good crop safety and some useful suppression of capeweed. 
AIMS 
Discover alternative herbicide options for wild radish, annual ryegrass and doublegee control in lupins. 
METHOD 
 Site 1 − Mingenew Site 2 − Wongan Site 3 − Coorow 
Property Clancy Michael, West 
Mingenew 
Wongan Hills Research 
Station 
Mike Bothe, Coorow 
Soil Yellow sand Yellow sand Yellow gravelly sand 
Treatments applied 14 May 2007 29 May 2007 8 May 2007 
Sown 18 May 2007 (dry) 29 May 2007 (wet) 8 May 2007 (dry) 
Germinating rain 27 May 2007 (19 mm) 27 May 2007 (20 mm) 27 May 2007 (14 mm) 
Variety Mandelup 100 kg/ha Mandelup 100 kg/ha Mandelup 90 kg/ha 
Fertiliser 40 kg/ha MAP drilled.  
Super / Potash 3:1 
spread at 160 kg/ha 
pre-sowing 
 TSP 50 kg/ha 
Row spacing 25 cm (10”) 25 cm (10”) 45 cm (18”) 
Plots 18 m x 3 m (3 reps) 28 m x 3 m (3 reps) 12 m x 3 m (3 reps) 
The Mingenew and Coorow sites were strip plot design with plus and minus basal Simazine (2 L/ha).  
The Wongan site is a complete randomised block design and had no basal simazine pre-sowing 
(some treatments included simazine 2 L/ha pre).   
All trials sown with knife point / press wheel seeding machinery.  Trials assessed visually for crop 
phytotoxicity.  Weed germination assessed by counting weeds per quadrat or weeds per plot (0.7m x 
plot length where weed densities were low).  Site 1 was hand weeded approximately 6 weeks prior to 
harvest.  Site 3 was not harvested due to dry conditions. 
RESULTS 
Mingenew – Crop phytotoxicity was assessed visually by estimating lupin biomass.  Treatments 6, 7 
and 9 exhibited approximately 20% biomass reduction at the big bud stage of the lupin.  Treatments 2, 
3, 4 and 5 exhibited biomass reductions of 3 to 9% at the big bud stage of the lupin.  Treatment 8 had 
a 14% biomass reduction at the big bud stage of the lupin. 
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Table 1. Weed density per plot (0.7 m x 18 m) and lupin yield for a range of herbicide treatments plus 
and minus simazine 2 L/ha pre-sowing – Clancy Michael, West Mingenew 













1 Nil 10.67 6.67 38.3 21.3 1021 1293 
2 Metribuzin 200 g pre 3.33 1.33 2.3 2.7 1193 1059 
3 Metribuzin 300 g pre 11.67 3.33 30.3 22.7 1133 1405 
4 Metribuzin 400 g pre 12.67 2.67 18.3 3 1206 1092 
5 Metribuzin 600 g pre 5 1.67 5.7 5.7 1288 1328 
6 Metribuzin 300 g pre then Brodal 
100 mL+ Metribuzin 150 g (6 L) 
0.67 1 0.7 2.7 
1185 1242 
7 Metribuzin 600 g pre then Brodal 
100 mL + Metribuzin 150 g (6 L) 
1.33 1 0.3 3.7 
1333 1277 
8 Brodal 100 mL + Metribuzin 150 g (6 L) 4 2 6 10.7 1319 1298 
9 Brodal 150 mL + Diuron 300 mL (6 L) 4 3.67 2.7 7.3 1189 1193 
10 Isoxaben 150 g (2 L) 18.67 8.33 20.3 6.7 1070 1393 
11 Isoxaben 150 g + Brodal 150 mL (2 L) 15.33 11.67 5.7 13.7 1220 1303 
12 Basta 2 L (6 L) 12 3.67 45.3 26 411 576 
13 Affinity 50 g (2 L) 16.33 5.67 38.3 16.7 742 1107 
14 Affinity 50 g+ Brodal 150 mL (2 L) 11.33 1 23.3 10.3 1130 1339 
 lsd 6.0 6.0 19.8 19.8 208 208 
Table 2. Ryegrass/m2 or flowering wild radish per plot (0.7 m x 12 m) and lupin yield for a range of 
herbicide treatments plus and minus simazine 2 L/ha pre-sowing – Mike Bothe, Coorow:  
Capeweed density (per m2) and lupin yield for a range of herbicide treatments at Wongan Hills 
Research Station 
Coorow Wongan 













Nil 50 49.2 7.33 5.33 52.25 2057 
Metribuzin 200 g/ha Pre 67.9 26.7 5.67 3.67   
Metribuzin 300 g/ha Pre 48.8 27.1 2.33 1.67 11.5 2011 
Metribuzin 400 g/ha Pre 62.9 33.3 1 1.33   
Metribuzin 600 g/ha Pre 30 14.6 3 0.67   
Metribuzin 300 g/ha + Simazine 2 L/ha Pre     1.6 2196 
Metribuzin 600 g/ha + Simazine 2 L/ha Pre     0.17 2090 
Boxer Gold 1.5 L/ha Pre     48.3 2011 
Boxer Gold 2.5 L/ha Pre 16.2 22.1 6.67 0.67 38.2 1971 
Boxer Gold 5 L/ha Pre 13.8 6.7 7 4.67 23.2 2050 
Boxer Gold 2.5 L/ha + Simazine 2 L/ha Pre     4.5 2097 
Boxer Gold 2.5 L/ha + Diuron 2 L/ha Pre     8 2249 
PN002 Pre 5.4 4.6 6.33 2   
Kerb 2 kg/ha Pre 2.9 5 8 4.67   
Kerb 2 kg/ha PSPE 10.4 7.5 10 6.33   
Trifluralin 1.6 L/ha Pre 63.3 40.4 12.67 4.33 41.17 1905 
Dual Gold 500 mL/ha Pre     44.6 1918 
Dual Gold 1 L/ha Pre     46.25 1971 
Simazine 2 L/ha Pre     5.4 2123 
Diuron 2 L/ha Pre     12.2 2176 
lsd 19.8 19.8 3.6 3.6 6.1 ns 
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CONCLUSION 
Metribuzin − This research suggests that metribuzin is safe pre-sowing of lupins, however 2007 was 
a very dry season which may have contributed to this crop safety.  At the Mingenew and Coorow sites, 
a small area in some of the metribuzin treatments was watered by hand with an additional 30 mm of 
simulated rainfall.  There was no phytotoxicity observed in these patches.  This gives a small amount 
of confidence that metribuzin pre-sowing will be safe in a wet season.  Further research is required to 
confirm this.  A similar trial in 2006 (also a dry season) had similar results. 
Metribuzin gave some useful suppression of wild radish, doublegee, capeweed and ryegrass, 
particularly when added to basal simazine.  Where metribuzin was applied pre-sowing at 600 g/ha 
followed by more metribuzin post emergent, crop phytotoxicity was responsible for approximately 20% 
reduction in lupin biomass.  This treatment actually led to a significant yield increase compared to the 
control.  In summary, metribuzin shows some promise for use pre-emergent in lupins but is not 
currently registered at this timing.  Future research in wet conditions will give more confidence of crop 
safety. 
Boxer Gold® is a new pre-emergent ryegrass herbicide for use in wheat.  Syngenta® are currently 
evaluating the use of this product in lupins.  This research indicates that Boxer Gold® is safe when 
applied at the label rate of 2.5 L/ha pre-sowing of lupin.  Unfortunately the Wongan site did not have 
any ryegrass.  Boxer Gold® did demonstrate some suppression of capeweed at this site as it did in 
another wheat trial in 2007.  At the Coorow site Boxer Gold® gave only 45% control of ryegrass.  This 
trial was conducted under very dry conditions and the crop was sown on 45 cm row spacing, hence 
the lack of ryegrass control with trifluralin. 
Brodal + Diuron applied post emergent to lupin is an un-registered mix that has been trialled in 
recent years to give growers another option for wild radish and doublegee control.  Several trials have 
shown that this mix is safe under the right conditions.  However, when it goes wrong it goes really 
wrong and it is difficult to predict the conditions that cause crop damage.  At the Mingenew site it gave 
reasonable radish and doublegee control.  There were unacceptable levels of phytotoxicity causing as 
much as 20% reduction in crop biomass.  This did not result in a yield reduction but this mix is still 
considered risky. 
Affinity − The only reason for including Affinity® (carfentrazone) in the Mingenew trial is because 
Yellow lupins have shown excellent tolerance to this herbicide.  Affinity is not registered in narrow leaf 
lupins and probably never will be.  Affinity® + Brodal appears safer and more efficacious than Affinity® 
alone, however the weed control achieved was well short of being optimal. 
Kerb® (propyzamide) is not registered in lupins and probably never will be.  Kerb® achieved good 
ryegrass control in the Coorow trial, probably due to the trial being sown on very wide rows.   
Basta® was included in this trial to evaluate how effective it is for wild radish control in the event of a 
GM Basta tolerant lupin being released at some time in the future.  The recommendation for Basta® in 
GM crops is to apply 2 L/ha twice in sequence in crop so the single application of 2 L/ha in this trial 
may be considered a little unfair.  However, radish control with Basta® was, as expected, 
disappointing.  The lupin yield in this treatment was from late germinating lupins. 
Isoxaben (Gallery®) is a Dow product that is registered for use in pyrethrum.  Isoxaben is known to 
give some control of brassica weeds and lupins have shown some tolerance in the past.  While 
Isoxaben does give some wild radish control, it is unlikely that this level of control will warrant its 
registration in lupins.  Isoxaben gives little or no doublegee control. 
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Crop topping lupins with glufosinate gives poor 
control of ryegrass seed set 
Peter Newman, Department of Agriculture and Food, Western Australia, Geraldton 
KEY MESSAGES 
Glufosinate (Basta®) gave poor seed set control of ryegrass compared to paraquat when sprayed at 
what should be the ideal timing (flowering of ryegrass).  Gramoxone® 800 mL/ha sprayed at flowering 
of ryegrass resulted in an 87% reduction in ryegrass seed set with no significant effect on lupin yield. 
AIMS 
To evaluate the efficacy of glufosinate (Basta®) for seed set control of ryegrass in lupins compared to 
the standard crop topping herbicide, paraquat (Gramoxone®). 
METHOD 
Property of Peter and Jill Ward, South Mingenew.  Thick Mandelup lupin crop with a dense (100 to 
150 plants/m2) stand of surviving ryegrass.  Two times of spraying, 3 reps. 
T1 sprayed 3 October 2007.  Most advanced ryegrass flowering.  No lupin leaf drop – patches of 
paddock some lupins beginning to change colour.  Warm, sunny day.  Dry/Wet bulb 26/17°C, E/NE 
wind 2-5 kph.  20 mm rain on 24/25 September.  03 Nozzle.  Water rate 85 L/ha. 
T2 sprayed 15 October 2007.  Ryegrass milky dough to hard dough.  Some ryegrass fully developed.  
Lupins 90% + leaf drop.  Warm sunny day.  Dry/Wet bulb 32/21°C, S/SE wind 2-5 kph.  5 mm rain 
8/9 Oct.  03 Nozzle.  Water rate 85 L/ha. 
The early dormancy release mechanism for germinating fresh ryegrass seed was used as 
documented by Dr Kathryn Steadman (2002).  Ryegrass seeds were placed on water agar in a growth 
cabinet in the dark for 10 days with temperature set to 15/25°C for 12/12 hours.  Seeds were then 
exposed to 15/25°C, dark/light for 12/12 hours for 45 days.  Germinated seeds were counted and 
removed from petri dishes weekly.   
RESULTS 
Lupin yield for a range of crop topping treatments at two times of 
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Figure 1. Mandelup lupin yield for a range of crop topping treatments at two times of spraying (T1-3 
October 2007.  T2 – 15 October 2007). 
There was no significant difference in lupin yield between treatments (p > 0.05).  There was a trend 
that suggested that T1 crop topping treatments reduced lupin yield.  However this was not significant. 
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Ryegrass germination (%) for a range of crop topping treatments at two 
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Figure 2. Ryegrass germination (%) for a range of crop topping treatments at two times of spraying. 
Ryegrass germination % was significantly higher for T2 than T1 time of spraying.  Gramoxone 
treatments applied at T1 had significantly lower ryegrass germination than nil.  The high rate of Basta 
applied at T1 had a significant affect on ryegrass germination but the low rate did not.  Only the high 
rate of Gramoxone® applied at T2 had a significant affect on ryegrass germination.  lsd 11.3. 
CONCLUSION 
The high rate of Gramoxone® applied at T1 (flowering of ryegrass) reduced ryegrass germination by 
87% (compared to nil) whereas the high rate of Basta® at T1 reduced ryegrass germination by only 
53%.  These treatments represent high rates of herbicide applied at the ideal timing.  This trial 
suggests that Basta® will not give an acceptable result for seed set control of ryegrass. 
The low rate of Gramoxone® at T1 gave 75% control of ryegrass seed set.  This demonstrates that 
high rates of Gramoxone® should still be recommended.  However, the low rate at ideal timing of the 
ryegrass may be an option for growers with a tight budget. 
Previous research has demonstrated that Basta® gives poor control of annual ryegrass and wild 
radish in Western Australia.  For this reason there may be little benefit in releasing a GM, Liberty 
Link® (i.e. glufosinate tolerant) lupin in the future.  However, glufosinate efficacy is improved in warm 
temperatures and therefore may be a good herbicide to use for seed set control of these weeds in 
spring.  However, this research suggests that even at the ideal timing in warm conditions, Basta® 
gave less than acceptable ryegrass seed set control. 
The ryegrass germination achieved was very low due the germination test being conducted only two 
weeks after harvesting the ryegrass in order to acquire data for this paper.  Ideally a longer 
after-ripening period is required to achieve an acceptable result. 
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Brome grass has developed multiple resistance to 
Group B and C herbicides 
Dr Abul Hashem1, Dr Catherine Borger2 and Dr Shahab Pathan3 
1Senior Research Officer, Department of Food and Agriculture, Western Australia, 
Northam 
2Research Officer, Department of Agriculture and Food, Western Australia, Merredin 
3Research Officer, Department of Agriculture and Food, Western Australia, Narrogin 
KEY MESSAGES 
• The first case of sulfonylureas, imidazolinone and metribuzin resistance in brome grass (great 
brome) has been confirmed within the WA wheatbelt. 
• Brome grass is an emerging major weed and is already hard to kill with available herbicides.  
With the development of multiple resistances to Group B and C herbicides, this weed may fast 
invade cropping areas causing serious losses in grain yield of crops. 
AIMS 




Plants within a roadside population of brome grass (Bromus diandrus, also known as great brome) 
that survived application of an unidentified herbicide were collected in 2005 from Waterhatch Road, 
west of the town of Beverley, Western Australia (32o07’19.66’’S, 116o52’36.74’’E).  Plants were grown 
outdoors and seeds were collected in spring 2005. 
2006 Experiment 
During 2006, seeds of this suspect resistant population were sown at 1 cm depth in pots containing 
potting mix (10 seeds per pot), and grown in a glasshouse that was maintained at 20-25oC at the 
Merredin Dryland Research Institute, Western Australia.  Water and fertiliser were applied as required 
to ensure healthy growth.  At the 3-leaf stage, plants were treated with sulfosulfuron (Monza®, 
Group B) at 18.7 g ai/ha, imazapic + imazapyr (OnDuty®, Group B) at 28 g ai/ha, metribuzin 
(Lexone®, Group C) at 150 g ai/ha, simazine (Group C) at 1.35 kg ai/ha, paraquat + diquat 
(Spray.Seed®, Group L) at 375 g ai/ha, glyphosate (Roundup Power Max®, Group M) at 660 g ai/ha, 
or no herbicide (untreated control), with three replications per treatment.  Survival was assessed four 
weeks after herbicide application, and expressed as a per cent of the initial plant number.  
Suppression of plants by herbicide treatments was visually assessed and expressed as a per cent of 
the untreated control.  Plants surviving the sulfosulfuron, imazapic + imazapyr or metribuzin 
treatments were maintained until reproduction and senescence, at which point seeds were harvested. 
2007 Experiment 
The seeds obtained in 2006 from the plants treated with sulfosulfuron, imazapic + imazapyr or 
metribuzin were tested for viability in 2007.  Ten seeds from each population were placed on damp 
filter paper in petri dishes (replicated five times), which were subsequently sealed and maintained at 
25oC.  Viability was high (> 95%) and there was no significant difference between viability of seeds 
obtained from parent plants treated with each herbicide (data not presented). 
In 2007, these seeds (i.e. resistant plants) and a control population (i.e. susceptible plants) were used 
to conduct a dose response test, with three replications per treatment.  The control population, which 
had not been exposed to herbicides, was obtained from degraded remnant vegetation on Dobson Rd, 
Merredin, Western Australia (31o29’13.32’’S,118o16’05.19’’E).  Seeds of the resistant and susceptible 
populations were established in pots as above, with 30 seeds per pot.  At the 3-leaf stage, plants were  
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treated with 0, 0.25, 0.5, 1, 2 or 4 times the label rate of sulfosulfuron (18.7 g ai/ha), imazapic + 
imazapyr (28 g ai/ha) or metribuzin (210 g ai/ha).  Survival was assessed four weeks after herbicide 
application and expressed as per cent of survival of the plants in the untreated control. 
RESULTS 
2006 Experiment 
During 2006, 100% of brome grass plants survived following an application of sulfosulfuron and 97% 
survived imazapic + imazapyr (Figure 1).  Survival of plants following metribuzin and glyphosate was 
approximately 40%.  However, while the plants treated with metribuzin successfully reached 
reproductive maturity, the plants surviving application of glyphosate had been suppressed by 80% 
(compared to the untreated control) and were unlikely to have survived outside controlled glasshouse 
conditions.  Approximately 50% of plants survived simazine application, but again the surviving plants 
had been heavily suppressed, compared to the untreated control plants and did not produce seed.  
















































































































Figure 1. Average survival of the suspect resistant brome grass treated by different herbicides at the 
label rate, expressed as a per cent of the initial plant number.  Vertical bars represent the 
standard error from three replicates. 
2007 Experiment 
Group C resistance:  At the label rate of metribuzin (210 g ai/ha), 85% of the resistant brome grass 
population and less than 2% of the susceptible population survived (Figure 2, A).  Approximately 8% of 
the resistant population survived herbicide application at four times higher than the label rate. 
Group B resistance:  At the label rate (19 g ai/ha) and twice the label rate of sulfosulfuron, 85-94% of 
the resistant population survived, while 90-98% of the susceptible population were controlled at these 
rates (Figure 2, B).  Approximately 28% of the resistant population survived at four times the label rate. 
When treated with imazapic + imazapyr, 83% of the resistant population survived at label rate (28 g 
ai/ha), 87% survived twice the label rate and 15% survived four times the label rate (Figure 2, C).  The 
label rate controlled 95% of the susceptible population and twice the label rate controlled 100% of 
plants. 
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Figure 2. Effect of different rates of A) metribuzin, B) sulfosulfuron and C) imazapic + imazapyr on the 
survival of resistant and susceptible brome grass populations, as a per cent of the untreated 
control.  Vertical bars represent the standard error of three replications. 
CONCLUSION 
This population of brome grass has developed high levels of resistance to sulfosulfuron 
(chlorosulfuron, Group B), imazapic + imazapyr (imidazolinones, Group B) and mteribuzin (Group C), 
but can be controlled using glyphosate (Group M) or paraquat + diquat (Group L).  Brome grass is an 
emerging weed species and is hard to kill with available selective herbicides at label rates.  With the 
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Effect of sowing methods, Logran® and metribuzin 
on weeds and wheat grain yield 
Alexandra Douglas1 and Abul Hashem2, Department of Agriculture and Food, 
Western Australia, Katanning1 and Northam2 
KEY MESSAGES 
• Metribuzin reduced grass weeds by up to 70% and broadleaf weeds by 46%.  This trial site was 
predominantly infested by barley grass.  Metribuzin alone cannot provide optimum level of weed 
control when barley grass density is very high. 
• Logran® combined with metribuzin reduced broadleaf weed density significantly. 
• A normal sowing method resulted in better wheat establishment than broadcasting half the seed 
and sowing the remaining half in normal rows. 
• Increasing the rate of metribuzin over 200 g/ha improved grass control significantly but had little 
effect on subsequent wheat grain yield.  However, Eagle Rock wheat tolerated up to 600 g/ha 
metribuzin.  
AIMS 
There are few herbicides available to control brome grass and barley grass, which are becoming more 
common within the WA wheatbelt in recent years.  Many grass and broadleaf weeds have developed 
resistance to Group A, B and triazine (Group C) herbicides.  Although metribuzin resistance is rare in 
WA, most cereal cultivars are not tolerant to this herbicide. Eagle Rock is a newly released wheat 
cultivar that has high tolerance to metribuzin.  Although 200 g/ha Lexone® is recommended for this 
variety, adequate information as to how much metribuzin will effectively control weeds such as barley 
grass without damaging crop is required. 
This paper reports on a trial established to evaluate if weed control efficiency in Eagle Rock wheat 
could be improved by altering seeding method and metribuzin rate with or without the addition of 
Logran®. 
METHOD 
Two seeding methods (normal and broadcast) were assigned in the main plots and a combination of 
two levels of Logran® (0 and 35 g/ha) and four levels of metribuzin (0, 200, 400, 600 g/ha of Lexone®) 
were assigned in the sub-plots.  Wheat (cv. Wyalkatchem) was sown at 80 kg/ha on 13 June 2007, 
immediately after treatment application. 
Logran® and metribuzin were incorporated by sowing. In the broadcast plots, 50% wheat seed was 
broadcast prior to the passage of the tyned machine.  The remaining 50% of seed was sown in 
conventional rows using a no-till system.  No post emergence herbicide was sprayed for grass or 
broadleaf weed control.  The initial density of crop and weed was determined by counting and final 
weed control was assessed visually. Grain yield of wheat was recorded at harvest. 
RESULTS 
Crop establishment 
Normal sowing method improved wheat establishment by approximately 20% over the broadcast 
method but this did not translate into an effect on the density or growth of weeds in crop.  
Initial weed control 
Barley grass density was significantly reduced as metribuzin rate increased from 200 to 400 or 
600 g/ha (Table 1).  The reduction in barley grass density at 200 g/ha metribuzin was insignificant 
compared with the untreated control.  There was no effect of combining metribuzin and Logran® on 
grass weed density. 
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Table 1. Grass weed (predominantly barley grass) density (plants/m²) and broadleaf weed density 
(plants/m²) assessed on 24 July 2007, averaged over crop establishment method 
Treatment Logran® (g/ha) Metribuzin (g/ha) Grass Broadleaf 
1 0 0 227 49 
2 0 200 215 21 
3 0 400 127 22 
4 0 600 87 14 
5 35  0 211 5 
6 35  200 158 9 
7 35  400 138 4 
8 35  600 93 3 
  lsd (0.05) 36 11 
The addition of Logran® significantly improved broadleaf weed control over metribuzin alone. In the 
absence of Logran®, increases in metribuzin rates significantly increased the level of broadleaf weed 
control.  However, in presence of Logran® such effect of metribuzin was confounded by the overriding 
effect of Logran® on broadleaf weeds (Table 1). 
Final weed control 
Weed control was visually assessed in September 2007 (Table 2).  Increasing the rate of metribuzin 
from 200 to 600 g/ha improved barley grass control from 47 to 71% and broadleaf weed control from 
26 to 46%.  These results show that metribuzin alone cannot provide optimum level of weed control 
when barley grass density is very high.  Including 35 g/ha of Logran® improved the level of broadleaf 
weed control over metribuzin applied alone. 
Table 2. Visual assessment on the weed control (%) at booting stage (Z41) in Eagle Rock wheat at 
Katanning (on 24 September 2007), averaged over crop establishment methods 
Treatment Logran® (g/ha) Metribuzin (g/ha) Grass control (%) 
Broadleaf 
control (%) 
1 0 0 0 0 
2 0 200 47 26 
3 0 400 66 38 
4 0 600 71 46 
5 35 0 0 73 
6 35 200 61 80 
7 35 400 69 78 
8 35 600 75 85 
  lsd (0.05) 12.9 12.7 
Wheat grain yield 
Wheat grain yield was considerably reduced by the high barley grass density present in the untreated 
control during the growing season (Table 3).  Application of metribuzin at 200 g/ha increased wheat 
grain yield by 30-33% compared with the untreated control. However, increases in metribuzin rate to 
400 or 600 g/ha did not influence grain yield of wheat compared with 200 g/ha, although a greater 
level of grass control was achieved at higher rate of metribuzin.  Adding Logran® to the weed 
management treatment had little impact on wheat yield.  
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Table 3. Effect of Logran® and metribuzin on the grain yield of Eagle Rock wheat at Katanning in 2007 
Treatment Logran® (g/ha) Metribuzin (g/ha) Wheat yield (kg/ha) 
1 0 0 842 
2 0 200 1093 
3 0 400 1103 
4 0 600 1125 
5 35  0 964 
6 35  200 1071 
7 35  400 1151 
8 35  600 1132 
  lsd 166 
CONCLUSION 
Metribuzin reduced grass weeds by up to 70% and broadleaf weeds by 46%.  This trial site was 
predominantly infested by barley grass.  
Logran® combined with metribuzin reduced broadleaf weed density significantly. 
A normal sowing method resulted in better wheat establishment than broadcasting half the seed and 
sowing the remaining half in normal rows. 
Increasing the rate of metribuzin applied over 200 g/ha improved grass control significantly but had 
little effect on subsequent wheat yield.  However, Eagle Rock wheat tolerated up to 600 g/ha 
metribuzin.  
KEY WORDS 
barley grass, metribuzin, Eagle Rock wheat, sowing rate 
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Effect of alternative Group K herbicides on control 
of on-row annual ryegrass in wide row lupins 
Dr Abul Hashem1, Ray Fulwood2 and Chris Roberts3 
1Senior Research Officer, Department of Agriculture and Food, Western Australia, 
Northam 
2Farmer, Meckering, Western Australia 
3Technical Officer, Department of Agriculture and Food, Western Australia, Northam 
KEY MESSAGES 
• Lupin crop tolerated two unregistered Group K herbicide products banded on lupin rows.  
• Group K Product X was more effective on annual ryegrass than metolachlor. 
• Increased rates of metolachlor reduced on-row annual ryegrass plants by up to 57% and on-row 
annual ryegrass heads by up to 70%, leading to 70% increase in lupin grain yield.  
• Increased rates of Group K Product X reduced on-row annual ryegrass plants by up to 89% and 
on-row annual ryegrass heads up to 95%, leading to 104% increase in lupin grain yield. 
• Emergence of lupin was depressed by about 20% at medium to high rates of Group K Product 
X. 
AIMS 
Annual ryegrass has developed widespread resistance to all selective herbicides (Group A, C and D) 
that can be used in a lupin crop to control this weed.  This has rendered difficult to control on-row 
annual ryegrass in a wide row lupin crop. It is necessary to find out alternative herbicides.  The aim of 
this study was to evaluate the efficacy of two unregistered Group K products on the control of on-row 
annual ryegrass in wide row lupin crop as alternative herbicides. 
METHOD 
Lupin cv. Mandelup was sown at 100 kg/ha on 21 May 2007 on wheat stubble using a modified John 
Deere TVT (Twin V tyne) (RTK 2 cm autosteer) that spread the seeds over a band of 100-120 mm.  
The treatments (Table 1) were laid out in a randomised complete block design with three replications.  
The unit plot size was approximately 12 m x 20 m with 30 m buffer between rows.  Row spacings were 
variable (750-850 mm around the wheel flanked by 640 mm row spaces on the wing with central two 
row spacings at 400 mm) but the average row space is about 650 mm (actual average between-row 
space 500 mm).  Top soil was dry with some moisture at 5 m mm depth.  At sowing, 100 kg/ha of 
fertiliser including 80 kg double phosphate, 10 kg muriate of potash and 10 kg sulphate of potash was 
used.  
Group K Product X and metolachlor were sprayed as per treatment in a 200 mm band on lupin rows 
behind the seeder.  In treatment 2, simazine (1 kg ai/ha) was sprayed on the whole plot before sowing 
and subsequently topped up in a 200 mm band on lupin rows behind the seeder.  Select was sprayed 
at 250 mL/ha on 3 August 2007 at early tillering stage of ryegrass.  A mixture of Brodal® + Lexone® 
(100 mL + 150 g) was sprayed on lupin rows at the time of between-row spraying in treatments 3 to 
10 only.  Spray.Seed® (1 L Spray.Seed® + 1 L Gramoxone®) was sprayed on 28 August 2007 (early 
to late flower bud stage of lupins). 
RESULTS 
Lupin emergence and herbicide phytotoxicity 
On average, lupin density was 43 plants/m2 as counted on 2 July 2007 with no significant effect of 
herbicide rates banded on the rows.  However, lupin density in plots treated with higher rates of Group 
K Product X was 20% lower than the untreated control even though the difference was not significant.   
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The establishment of lupin was generally staggered and lower than optimum due to the prevailing dry 
conditions at sowing.  Most lupin plants emerged in mid-June following a 23 mm rainfall event in late 
May.  No visible toxicity of either banded herbicide at any rate was observed on the subsequent 
growth of lupin plants. 
Table 1. Effect of rates of metolachlor and Group K product X banded on the rows of lupins after 
sowing and between-row spraying with a mixture of Spray.Seed® and Gramoxone® on the 


















  1. Untreated 394 616 788 1050 0 
  2. Simazine 2 L IBS + top up OR/Select® 
250 mL + Eclipse 7 g (standard control) 
305 59 33 1729 65 
  3. Low rate metolachlor OR + Spray.Seed® 
1 L + Gramoxone® 1 L BR 
330 446 0 1614 54 
  4. Medium rate metolachlor OR + 
Spray.Seed® 1 L + Gramoxone® 1 L BR 
263 467 0 1608 53 
  5. High rate metolachlor OR + Spray.Seed® 
1 L + Gramoxone® 1 L BR 
275 213 0 1788 70 
  6. Highest rate metolachlor OR + 1 L 
Spray.Seed® + 1 L Gramoxone® 2 L BR 
169 185 1 1759 68 
  7. Low rate Group K Product X OR + 
Spray.Seed® 1 L + Gramoxone® 1 L BR 
229 186 1 1696 62 
  8. Medium rate Group K Product X OR + 
Spray.Seed® 1 L + Gramoxone® 1 L BR 
144 204 0 1873 78 
  9. High rate Group K Product X OR + 
Spray.Seed® 1 L + Gramoxone® 1 L BR 
118 160 0 2035 94 
10. Highest rate Group K Product X OR + 
Spray.Seed® 1 L + Gramoxone® BR 1 L 
44 33 1 2138 104 
lsd05 179.5 140.1 119.1 372.3 - 
*BR = between rows; OR = on-row.  Note:  These products, rates and method of application are not 
registered for use.  All pesticide applications must accord with the currently registered label for that particular 
pesticide, crop, pest and region. 
Annual ryegrass density control 
Weed density was counted on 2 July 2007.  In the untreated control, on-row ryegrass density was 
394 plants/m2 and between-row ryegrass density was 549 plants/m2.  Simazine controlled 23% on-row 
ryegrass and 5% between-row ryegrass.  Increases in the metolachlor rate controlled 16-57% on-row 
ryegrass and increases in Group K Product X rate controlled 42-89% on-row ryegrass (Table 1).  
Based on initial weed control data, Group K Product X was more effective on the on-row ryegrass 
plants than metolachlor in the 2007 season that had a dry beginning. 
Annual ryegrass head control and lupin grain yield  
In the untreated control, total number of annual ryegrass heads on lupin row was 616/m2 and 
between-row 788/m2 (Table 1).  In the standard control, annual ryegrass heads were reduced by 95% 
between rows and 90% on the rows suggesting that Select® is still very effective on this annual 
ryegrass population (Table 1). This has increased lupin grain yield by 65%. 
Between-row annual ryegrass head control in the sprayshield treatments (treatments 3 to 10, Table 1) 
was 99-100%.  Increases of metolachlor rate reduced on-row heads of annual ryegrass by up to 70% 
and increased lupin grain yield by 70% (Table 1).  Increases of Group K Product X rate reduced 
on-row heads of annual ryegrass by up to 95% and increased lupin grain yield by 104%.  Lowest lupin 
grain yield (1050 kg/ha) was recorded in the untreated control and the highest grain yield (2138 kg/ha) 
was recorded in treatment 10 (Group K Product X highest rate banded on rows + between-row 
spraying). 
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CONCLUSIONS 
The results for this study clearly demonstrate that both Group K products are effective on annual 
ryegrass at higher rate but Group K Product X is more effective than metolachlor in controlling on-row 
annual ryegrass.  Lupin grain yield increased up to 70% by metolachlor and 104% by Group K Product 
X banded on rows in wide row lupins. 
Growers are warned that the products used in this research are not registered for on-row control of 
annual ryegrass in wide row lupins.  All pesticide applications must accord with the currently registered 
label for that particular pesticide, crop, pest and region. 
KEY WORDS 
Group K herbicides, banding, Spray.Seed®, annual ryegrass, wide row lupins 
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Control and seed production of annual ryegrass in 
wide row lupins within the Western Australian 
wheatbelt 
Abul Hashem1,6, Alex Douglas2,6, Shahab Pathan3, Glen Riethmuller4,6 and 
5,6Sally Peltzer, Department of Agriculture and Food, Western Australia;  1Northam, 
2Katanning, 3Narrogin, 4Merredin, 5Albany;  6CRC Australian Weed Management 
KEY MESSAGES 
• Inter-row annual ryegrass control in wide row lupin by Spray.Seed® was as effective as 
glyphosate at Wongan Hills but it was less effective than glyphosate at Merredin due to late 
spraying at low rate. 
• Crop damage and lupin yield losses were the greatest with inter-row cultivation followed by 
glyphosate and Spray.Seed®.  Crop damage and lupin yield losses were less at Merredin than 
Wongan Hills due probably to wider row spacing at Merredin.  
• Inter-row seed production of annual ryegrass was reduced 100% with inter-row glyphosate or 
Spray.Seed® applications, 58-68% with the inter-row cultivation and 26% in the standard 
practice. 
• Banding application of simazine or metolachlor reduced on-row seed production of annual 
ryegrass by 33-54%.  
• Given that glyphosate resistance in annual ryegrass is on the rise and paraquat resistance in 
annual ryegrass has not yet been reported in Australia, this is a promising alternative. 
Note: These are research results only.  Some herbicides such as metolachlor used in this study are 
not registered for lupins and not recommended for use. 
AIMS 
Weed control in wide row crops is a traditional practice in summer crops such as cotton, sorghum and 
maize in some parts of QLD and NSW.  Recently this practice is becoming popular in lupin (Lupinus 
angustifolius L.) crops in WA (Blackwell and Collins, 2002).  One of the main aims for wide row 
cropping is to control herbicide-resistant weeds in the inter-rows with non-selective herbicides, usually 
glyphosate, using sprayshields.  Intensive use of glyphosate during the fallow period before sowing 
and on the inter-rows of crops is likely to result in rapid development of resistance to glyphosate in 
weeds.  About 62 glyphosate-resistant annual ryegrass (Lolium rigidum Gaud.) populations have 
already been reported in Australia (Preston, 2007), including five from WA (Hashem and Pathan, 
2007).  It is necessary to examine the risks associated with the use of glyphosate for inter-row weed 
control in wide row lupins within the WA wheatbelt. 
The aims of this study were to examine on-row and inter-row weed control, and seed production of 
annual ryegrass in wide row lupins within the WA wheatbelt.  
METHOD 
Two experiments were conducted in a randomised complete block design with four replications at 
Wongan Hills and Merredin in 2006.  The unit plot size was 2 m x 20 m (4 rows/plot at 52 cm row 
spacing) at Wongan Hills and 4.5 m x 20 m (6 rows/plot at 66 cm row spacing) at Merredin. 
The treatments were:  (1) untreated control;  (2) weed-free control (simazine 900 g ai/ha overall 
post-sowing pre-emergent (PSPE) + hand weeding);  (3) standard practice (simazine overall 900 g 
ai/ha pre-sowing + clethodim 60 g ai/ha post-emergent (PO));  (4) apply metolachlor 720 g ai/ha 
behind the seeder in 15 cm band on rows (OR) + inter-row (IR) glyphosate 540 g ai/ha with 
sprayshield PO;  (5) apply metolachlor 720 g ai/ha behind the seeder in 15 cm band OR + IR 
Spray.Seed® (paraquat + diquat 325 g ai/ha) 1.5 L with sprayshield PO;  (6) apply metolachlor 720 g 
ai/ha behind the seeder in 15 cm band OR + IR cultivation PO;  (7) apply simazine 900 g ai/ha behind  
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the seeder in 15 cm band OR + IR glyphosate 540 g ai/ha with sprayshield PO;  (8) apply simazine 
900 g ai/ha behind the seeder in 15 cm band OR + IR Spray.Seed® 1.5 L with sprayshield PO;  
(9) apply simazine 900 g ai/ha behind the seeder in 15 cm band OR + IR cultivation PO. 
Annual ryegrass was the main weed species at Wongan Hills and Merredin but a few radish plants 
were also present at Merredin.  IR weeds were sprayed using sprayshields at 8-9-leaf stage of lupin at 
Wongan Hills and at early pod formation stage at Merredin. 
RESULTS 
Weed control 
At Wongan Hills, inter-row (IR) annual ryegrass was reduced 99-100% by IR Spray.Seed® or IR 
glyphosate and 61-63% by IR cultivation regardless of on-row (OR) application of metolachlor or 
simazine (Table 1).  Standard practice (simazine + clethodim) controlled only 34% IR annual ryegrass 
because this population of annual ryegrass is resistant to ACCase inhibiting herbicides. 
At Merredin, IR weeds, predominantly annual ryegrass, were reduced 98-99% by IR glyphosate, 
64-65% by IR Spray.Seed®, and 53% by IR cultivation regardless of OR application of metolachlor or 
simazine, compared with 100% IR annual ryegrass control by standard practice (Table 1). 
Table 1. On-row and inter-row treatment effects on annual ryegrass control, crop damage and lupin 
grain yield loss at Wongan Hills and Merredin* 
Wongan Hills Merredin 














Untreated 0 0 20 0 0 21 
Weed-free 100 0 0 100 0 0 
Standard practice 34 0 16 100 0 0 
OR metolachlor + IR glyphosate 99 12 31 99 4 1 
OR metolachlor + IR Spray.Seed® 100 1 11 64 0 11 
OR metolachlor + IR cultivation 63 44 39 53 9 5 
OR simazine + IR glyphosate 100 6 25 98 8 3 
OR simazine + IR Spray.Seed® 100 1 14 65 0 14 
OR simazine + IR cultivation 61 29 55 53 14 14 
lsd (P ≤ 0.05) 18.1 8.1 15.7 12.4 6.2 11.1 
*OR = on-row, IR = inter-row, lupin grain yield in weed-free control (simazine + hand weeding) =1369 kg/ha. 
Crop damage and lupin grain yield loss  
At Wongan Hills, crop damage due to IR weed control treatments was 1% with IR Spray.Seed®, 
6-12% with IR glyphosate and 29-44% in IR cultivation (Table 1).  At Merredin, crop damage was 
4-8% with IR glyphosate and 9-14% in IR cultivation but no crop damage was observed with IR 
Spray.Seeed® (Table 1). 
At Wongan Hills, grain yield loss of lupins was 25-31% with IR glyphosate, 11-14% with IR 
Spray.Seed®, 39-55% in IR cultivation and 20% in the untreated control (Table 1).  Lupin grain yield 
loss at Merredin was 1-3% with IR glyphosate, 11-14% with IR Spray.Seed®, 5-14% in IR cultivation 
and 21% in the untreated control (Table 1). 
Annual ryegrass seed production 
In the untreated control, annual ryegrass seed production at Wongan Hills was 92% less on the OR 
(1026 seed m-2) than on the IR zone (12331 seed m-2).  Metolachlor or simazine reduced OR annual 
ryegrass seed production by 33-54%, except in OR metolachlor + IR cultivation treatment where OR 
annual ryegrass seed production was similar to the untreated control.  Greatest IR seed production  
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(12331 seed m-2) was recorded in the untreated control.  IR seed production of annual ryegrass was 
reduced 100% by IR Spray.Seed® or IR glyphosate, 58-68% by IR cultivation and 26% by standard 
practice (simazine + clethodim) (data not presented). 
CONCLUSIONS 
Weed control with IR glyphosate was highly effective on annual ryegrass at both locations.  IR 
Spray.Seed® was as effective on IR annual ryegrass as IR glyphosate at Wongan Hills but was less 
effective at Merredin.  IR Spray.Seed® was more effective on annual ryegrass than IR cultivation at 
both locations but both treatments were more effective at Wongan Hills than Merredin where the 
cultivation treatment was a little too late and the larger weeds tended to transplant.  Crop damage and 
grain yield loss were generally greater at Wongan Hills than at Merredin, due probably to closer row 
spacing at Wongan Hills than Merredin.  IR cultivation resulted in greater crop damage and grain yield 
loss than IR Spray.Seed® particularly at Wongan Hills.  Crop damage due to IR Spray.Seed® was 
significantly less at both locations than IR glyphosate or IR cultivation.  At Wongan Hills, grain yield 
losses in IR Spray.Seed® was not significantly higher than weed-free control but the grain yield losses 
in IR glyphosate and IR cultivation were significantly higher than IR Spray.Seed®.  At Merredin, yield 
losses in IR Spray.Seed® was rather high due to poor IR weed control that could be improved by 
adjusting rate and application time of Spray.Seed®.  The trend in the annual ryegrass seed production 
at Wongan Hills was similar to that of IR weed control achieved except in the IR cultivation treatment.  
Results indicate that IR cultivation technique employed was neither suitable for effective IR weed 
control nor safe on lupins.  IR weed control was excellent with IR glyphosate but crop damage was 
greater with IR glyphosate than IR Spray.Seed®.  Although IR Spray.Seed® was less effective on IR 
annual ryegrass at Merredin due to late spraying at a relatively low rate, IR glyphosate appears to be 
more damaging to crops than IR Spray.Seed®.  
Given that glyphosate resistance in annual ryegrass is on the rise and paraquat resistance in annual 
ryegrass has not yet been reported in Australia, IR application of Spray.Seed® with sprayshields at 
appropriate rates and weed stage is likely to minimise the risks of crop damage and glyphosate 
resistance development in annual ryegrass. 
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Effective weed control in wide row lupins 
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KEY MESSAGES 
In this study, the use of inter-row sprayshields was found to be the most effective treatment for annual 
ryegrass control in the 66 cm wide rows but future glyphosate resistance development will be a major 
limitation.  With sprayshields, some form of on-row weed control will still be necessary to significantly 
reduce weed seed set.   
Inter-row sprayshields with glyphosate gave the best ryegrass biomass control averaging 97%. 
Inter-row cultivation reduced annual ryegrass biomass by 63% and the number of annual ryegrass 
heads by 43% but this did not result in a significant increase in lupin yield.  To be most effective, it is 
suggested that inter-row cultivation should be done relatively early while the weeds are small and 
when the soil is relatively warm and dry with rain not predicted for a day or two.   
Automatic tractor steering control would also be essential for commercial growers to adopt 
sprayshields. 
AIMS 
The aim of this study was to quantify the weed control and seed production by surviving weed plants in 
the on-row and inter-row spaces of the lupin crop following weed control by precision physical and 
inter-row spraying. 
BACKGROUND 
The main problem weeds in wide row lupin (Lupinus angustifolius) farming systems in Western 
Australia are annual ryegrass (Lolium rigidum) (Hashem et al. 2005), wild radish (Raphanus 
raphanistrum) (Cheam and Lee, 2006) and wild oats (Avena fatua) (Hashem et al. 2005a).  Chemical 
(predominantly glyphosate) weed control is a more commonly used option in wide row systems than 
other weed control methods.  While the growers are achieving good weed control by early spraying, 
the annual ryegrass plants escaping in the 10 to 15 cm unsprayed band between the crop plants and 
the sprayshield and those emerging later not only compete with crops but also produce large seed 
numbers.  These together with increased use of glyphosate are likely to result in a rapid development 
of glyphosate resistance.  Improved spraying techniques (e.g. 2 cm accuracy spraying using a Global 
Positioning System and automatic tractor steering), inter-row cultivation and understanding of the 
population and seed bank dynamics may help minimise the risk of such development of herbicide 
resistance. 
Crop damage may occur in wide row technology mainly due to sideways swing in the sprayshields or 
inter-row cultivator or from less precise sowing technology.  Little information is available on the 
degree of resistance risks in wide row systems, impact of precision weed control systems on 
population and seed bank dynamics of weeds, extent of crop/weed competition within the row, level of 
crop damage and effect of improved spraying or cultivating practices. 
METHOD 
The following treatments were laid out in a randomised block design with four replications using a unit 
plot size of 4.5 x 20 m:  
Lupin cv. Mandelup at 100 kg/ha was sown on 18 May 2006 at Merredin (lat. 31° 29”S, long. 118° 
17”E) with 100 kg/ha of double super (17.7P, 16.2 Ca, 3.6 S, 0.08 Zn, 0.08 Cu) placed five cm directly  
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below the seed and no pre-emergent herbicides were used.  Simazine at 1 kg ai/ha was used as the 
post sowing pre-emergent (PSPE) selective herbicide.  An additional non-sowing tine was placed in 
the centre of the 66 cm wide rows for the purpose of possible future use for guiding the sprayshields 
but this was not used and the spraying tractor was simply driven by eye. 
Treatments were: 
1. Untreated control. 
2. Overall PSPE selective herbicide + inter-row cultivation. 
3. Overall PSPE selective + glyphosate inter-row spray + hand weeding 5 cm close to the row. 
4. Overall PSPE selective + glyphosate inter-row spray 10 cm close to the row. 
5. Overall PSPE selective + glyphosate inter-row spray 15 cm close to the row. 
6. Overall PSPE selective + glyphosate inter-row spray + hand weeding for weed free control. 
The sprayer was constructed using TPOS adjustable width shields with Spraying Systems 
DG95015EVS nozzles at 1.5 bar pressure using 100 L/ha of water (Figure 1). 
 
Figure 1. Sprayshield treatments on 4 August 2006. 
A three point linkage cultivator which had five sets of four ’S‘ tines with bolted 15 cm shares between 
the six sown rows were attached to a Massey Ferguson 2210 tractor.  The tractor wheel centres 
matched the rows with two rows beneath the tractor.  The cultivator depth wheels on the front edge of 
the frame were placed directly above the non-sowing tine groove so as to help guide the cultivator in 
the centre of the row. 
The inter-row cultivation was carried out on 1 August 2006 (Figure 2) and inter-row spraying on 
4 August 2006.  The main weed species in this experiment was annual ryegrass but other weeds such 
as wild radish were also present at a very low density. 
 
Figure 2. Inter-row cultivation treatment on 1 August 2006. 
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At flowering stage of the lupin, density of lupin, biomass of lupin and weeds and heads of annual 
ryegrass per unit area were recorded separately for on-row and inter-row spaces.  Grain yield and 
seed size were recorded at harvest of lupin.  Data were subjected to ANOVA and means were 
compared by lsd.  
RESULTS 
The inter-row cultivation reduced annual ryegrass biomass by 63% and the number of annual ryegrass 
heads by 43% but had little effect on the on-row annual ryegrass head numbers and grain yield of 
lupins (Tables 1 and 2).  This inter-row reduction may have been greater if the weeds were smaller 
and the soil was drier.  It was noted that the moist soil (rain the day before) clumped onto the annual 
ryegrass roots, which allowed the annual ryegrass to regrow with following rain.  
It was expected that the soil thrown onto the lupin rows would have smothered some of the on-row 
weeds.  This effect was not observed probably because the weed plants were relatively large at the 
time of the cultivation. 
In future, the cultivation treatment should be done earlier on smaller weeds and with relatively dry soil 
and rain not predicted for a day or two.  Also with four tines between the rows there were some 
stubble blockages between tines so three tines with wider shares should be used in the future.  The ’S‘ 
tines used also allowed the share angle of attack to change, which could let weeds through so spring 
release tines may have been better. 
The lupin dry weight was relatively uniform with around 3 t/ha produced for all treatments (Table 2).  
The cultivation had little effect on the on-row annual ryegrass dry weight but reduced the inter-row dry 
weight by 63% (Table 2) but did not affect lupin grain yield significantly compared with the untreated 
control (Table 3). 
Table 1. Number of lupin plants and annual ryegrass heads recorded from two 20 x 100 cm quadrats 
for the annual ryegrass and two 1 m sections of the same row for the lupins on 11 September 
2006 
Treatment 
Lupin plant  
number 
(plants/m2) 
Annual ryegrass  
on-row 
(heads/m2) 
Annual ryegrass  
inter-row 
(heads/m2) 
1.  Untreated 45.5 123 341 
2.  Cultivation 48.7 121 191 
3.  Shield 5 cm 39.4   91   30 
4.  Shield 10 cm 42.2 185   52 
5.  Shield 15 cm 42.4 186   14 
6.  Shield + weed free 43.8   19   15 












Table 2. Lupin and annual ryegrass dry weight taken from two 20 x 100 cm quadrats for the annual 













1.  Untreated 2.81 374 826 
2.  Cultivation 3.01 334 301 
3.  Shield 5 cm 2.78 287   10 
4.  Shield 10 cm 2.75 479   63 
5.  Shield 15 cm 2.83 476     3 
6.  Shield + weed free 2.95   36     1 
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The sprayshield treatments reduced the inter-row annual ryegrass dry weight dramatically compared 
to the untreated control and the inter-row cultivation treatment but did not affect the on-row annual 
ryegrass head number (Table 1) or on-row dry weight (Table 2).  
The lupin yields in the untreated control, inter-row cultivation and shield 15 cm treatments were similar 
(Table 3).  The yields of the weed free, shield 5 cm and shield 10 cm treatments were similar but  
Table 3. Effect of inter-row weed control treatments on lupin grain yield and seed size at Merredin, 
Western Australia in 2006 
Treatment Lupin yield (t/ha) 
Lupin seed weight 
(mg/seed) 
1.  Untreated 1.56 142.2 
2.  Cultivate 1.68 145.8 
3.  Shield 5 cm 1.74 147.4 
4.  Shield 10 cm 1.81 148.8 
5.  Shield 15 cm 1.68 144.4 
6.  Shield + weed free 1.86 150.1 









Greater than the untreated control while the yields of the inter-row cultivation and shield 15 cm 
treatments were lower than the untreated control.  The seed size tended to follow this same pattern as 
grain yield so the difference in yield was partly due to larger seed. 
CONCLUSION 
Inter-row sprayshields with glyphosate was most the effective treatment found for annual ryegrass 
control in the wide row lupins but future glyphosate resistance will be a major limitation.  Sprayshields 
5 to 10 cm close to lupin rows was more productive than sprayshields 15 cm from the row or inter-row 
cultivation.  With sprayshields, some form of on-row weed control will still be necessary to significantly 
reduce weed seed set in wide row lupins.  Automatic tractor steering control would be essential for 
commercial growers to adopt sprayshields.  
Although inter-row cultivation reduced annual ryegrass biomass by 63% and number of annual 
ryegrass heads by 43% this did not result in a significant increase in lupin yield compared with the 
untreated control.  To be most effective, it is suggested that inter-row cultivation should be done 
relatively early while the weeds are small and when the soil is relatively warm and dry with rain not 
predicted for a day or two. 
Inter-row sprayshields with glyphosate gave the best ryegrass biomass control averaging 97%. 
KEY WORDS 
lupins, ryegrass, weed control, wide rows, sprayshield, cultivation 
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Slender iceplant control 
Lorinda Hunt1,2, John Borger1,3, Meir Altman1,4 and Dr Ed Barrett-Lennard1,4 
Department of Agriculture and Food, Western Australia, Centre for Ecohydrology1, 
Three Springs2, Northam3, University of Western Australia and Future Farm Industries 
CRC4 
KEY MESSAGES 
• It is suspected that not all slender iceplant (Mesembryanthemum nodiflorum) infested soils are 
unproductive and saline. 
• 2006 and 2007 trials have indicated that slender iceplant can be selectively controlled, pre-
emergent. 
• Slender iceplant can be controlled post-emergent. Dicamba in a mix with 2,4-D amine is the 
only fully registered product. The Liebe Group® holds a minor use permit for the use of Ally®, 
Glean® and atrazine, valid until 2010.  
• There are no registered herbicide products for use in saltland pasture systems and it is known 
that some broadleaf herbicides severely damage small leaf bluebush.  
AIMS 
To investigate selective herbicide control options for slender iceplant.  The focus is on finding 
herbicide options that allow legume and grass pasture establishment in small leaf bluebush or 
saltbush pastures.   
BACKGROUND 
Slender iceplant has traditionally been viewed as a plant of saline environments.  It has been used in 
the past (probably incorrectly) as an indicator species of saline soils.  Iceplant has however also been 
found in areas not affected by salinity.  For this reason, it is not always clear whether iceplant infested 
soils are actually unproductive saline soils or if production has been limited solely because of the 
presence of iceplant stubble which may accumulate salt from the subsoil.  
The topsoil inhabited by slender iceplant appears to be maintained in a saline condition, advantageous 
for the iceplant, but undesirable for anything else.  Slender iceplant has also been found to contain 
oxalate levels up to 35.78%, which is well above the minimum level of 2% that may cause stock 
poisoning.   
Slender iceplant seeds only germinate after a certain amount of dilution of salinity near the soil 
surface, usually by late winter.  Literature from Israel suggests that slender iceplant produces three 
sets of seed, which exhibit different levels of dormancy.  This mechanism spreads the risk of 
germination failure and increases the chances of species survival.  Iceplant has a staggered 
germination pattern and may germinate at the break of the season, during the winter months and also 
again after spring rains.   
The spread of slender iceplant has been facilitated by soil disturbance events (e.g. floods in 1999) and 
our lack of understanding of the biology of iceplant, resulting in inappropriate management practices.  
It is suspected, that if the iceplant could be controlled, then natural leaching by rainfall could result in 
land rehabilitation, particularly in mildly affected lighter soil types.  Ultimately if these areas could be 
returned to pasture or cropping, there could be much to gain for the farmer.   
Departmental trials in 2004 and 2005 showed effective control of iceplant with simazine 500 g/L at 
2 L/ha, atrazine 500 g/L at 2 L/ha, Glean® 750 g/kg at 15 g/ha and Ally® 600 g/kg at 5 g/ha.  Dicamba 
in a mix with 2,4-D amine is the only fully registered option in Western Australia for the control of 
slender iceplant.  Replicated trial work was performed in 2006 and 2007 to find selective options 
potentially suitable for use in legumes pastures and interspersed saltland shrubs.  
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Pre-emergent trial sites were selected where slender iceplant stubbles were visible from the previous 
year’s growth. The sites were in fact iceplant monocultures.  Selection for a uniform post-emergent 
trial site was easier, as the emerged iceplant monoculture was clearly visible.   
Two pre-emergent trial sites were selected, one near Buntine and the other 100 km away near 
Morawa.  Two post-emergent trial sites were selected, one near Perenjori and the other 50 km away 
near Morawa. 
Spraying and data collection 
Twelve pre-emergent herbicide treatments were sprayed in a random block design x 3 replicates at 
each site on 8 June 2007.  Soil conditions were dry at both sites.  Thick iceplant stubble heavily 
shaded the soil at the Buntine site, whereas the iceplant stubble at the Morawa site had mostly 
dislodged or disintegrated.  Percentage iceplant kill was estimated on three separate occasions, as the 
iceplant emerged throughout the growing season.  The final estimate of percentage iceplant kill was 
taken on 19 October 2007. 
Eleven post-emergent herbicide treatments were sprayed in a random block design x 3 replicates at 
each site on 28 August 2007.  All treatments were sprayed with 1% BS1000 wetter.  Conditions were 
warm and dry at both trial sites at the time of spraying.  Conditions remained dry until nearly two 
months later, when 10 mm was received in early October 2007.  Per cent biomass reduction of the 
iceplant was estimated on 3 separate occasions, after spraying.  The final estimates were taken on the 
19 October 2007. 
results 
Pre-emergent trial 















D 2 L Pendimethalin (330 g/L) (Stomp®) 94 88 13.00 
C 1 L Diuron (500 g/L) 84 90 8.60 
C 500 mL Diuron (500 g/L) 32 24 4.33 
C 200 mL Diuron (500 g/L) 2 30 1.73 
B 20 g Flumetsulam (800 g/kg) (Broadstrike®) 77 5 13.44 
B 10 g Flumetsulam (800 g/kg) (Broadstrike®) 74 9 6.72 
B 5 g Flumetsulam (800 g/Kg) (Broadstrike®) 52 5 3.36 
C 500 mL Terbutryn (500 g/L) (Igran®) 26 32 11.00 
C 200 mL Terbutryn (500 g/L) (Igran®) 0 16 4.40 
G 200 mL Oxyfluorfen (240 g/L) (Goal®) 81 61 6.60 
C 500 mL Linuron (500 g/L) 74 45 19.75 
C 200 mL Linuron (500 g/L) 2 13 7.90 
Trials indicate that good pre-emergent iceplant control was achieved with Stomp® at 2 L/ha, diuron at 
1 L/ha and Goal® at 200 mL/ha.  Goal® needs to be trialled further at higher rates and it would be 
expected that diuron may be more active in wetter conditions. 
Broadstrike® also appeared to have good pre-emergent activity at the Morawa site, which was 
consistent with results achieved in 2006, where treatments containing 25 g Broadstrike® gave 81-99% 
control.  Slender iceplant stubble heavily shaded the soil at the Buntine site. With little growing season 
rainfall, this may be the reason why Broadstrike® had poor activity in Buntine. 
Agribusiness Crop Updates 2008 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
60 
The Stomp® and Goal® treatments were particularly interesting as a number of medics had 
germinated through them. 
Post-emergent trial 















D 2 L Pendimethalin (330 g/L) (Stomp®) 0 0 13.00 
D 1 L Pendimethalin (330 g/L) (Stomp®) 0 0 6.50 
C 1 L Diuron (500 g/L) 12 10 8.60 
C 500 mL Diuron (500 g/L) 3 3 4.33 
C/B 250 mL Diuron + 25 g Flumetsulam (Broadstrike®) 31 11 18.96 
B 25 g Flumetsulam (800 g/kg) (Broadstrike®) 21 0 16.80 
C 800 mL Terbutryn (500 g/L) (Igran®) 48 12 17.6 
C 400 mL Terbutryn (500 g/L) (Igran®) 7 0 8.80 
G 500 mL Oxyfluorfen (240 g/L) (Goal®) 2 10 16.5 
G 250 mL Oxyfluorfen (240 g/L) (Goal®) 0 0 8.25 
B 7 g Metosulam (714 g/kg) (Eclipse®) 0 0 8.33 
Generally all of the post-emergent treatments performed poorly on slender iceplant in 2007.  Poor 
results may be due to dry site conditions experienced throughout the 2007 growing season.  Both trial 
sites were hot and dry at the time of spraying and only received 10 mm rainfall, two months after 
spraying. 
Post-emergent treatments including Igran® at 800 mL/ha and diuron at 1 L/ha showed best iceplant 
control, however both could be expected to perform better in more average rainfall conditions where 
some root uptake could be expected.  These treatments killed small iceplant, but only burnt the top 
leaves of larger plants causing some reduction in biomass.  
Broadstrike® appeared to turn the iceplant leaves a yellow and red colour, and suppressed further 
growth.  These plants did not flower, nor grow in size since spraying.  It appeared that Broadstrike® 
may have eventually killed the iceplant, however due to the dry conditions it is not known if 
Broadstrike® would have enough activity for post-emergent use. 
CONCLUSION 
• Stomp® at 2 L/ha, Goal® at 200 mL/ha, Broadstrike® at 25 g/ha and diuron at 1 L/ha appear to 
be the most promising, selective, pre-emergent herbicide options for iceplant control.  
• There are no herbicides registered for use in saltbush, small leaf bluebush or other saltland 
pastures. 
• It is important to know the herbicide tolerance of saltbush and small leaf bluebush before 
attempting to control slender iceplant in these situations. 
• Stomp®, Goal® and Broadstrike® may allow for volunteer regeneration of legume and grass 
pastures and may have some use in saltland pasture systems, however more work is required. 
• Dicamba, 2,4-D amine, diuron, atrazine and Igran®, are known to cause severe damage to 
small leaf bluebush.  (See article on ’Herbicide Tolerance of Saltbush and Bluebush‘ – 
Crop Updates 2008, Weeds Booklet.)  Glean® and Ally® appear to be tolerated by mature 
small leaf bluebush, but not by germinating bluebush seed.  More work is required. 
KEY WORDS 
slender iceplant, herbicide, control, saltland, pastures 
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Chemical and non-chemical weed control – a 
European perspective 
Glen Riethmuller, Department of Agriculture and Food, Western Australia, Merredin 
KEY MESSAGES 
• Harrowing after sowing wheat and placing nitrogen below the wheat seed were some of the 
non-chemical weed control methods used in Denmark.   
• Tramlining allows a range of weed control methods due to access to the paddock but the same 
lines are not used each year due to mouldboard ploughing.  Tramlining offers the added 
advantage for Australia since mouldboard ploughing is not common. 
• Lower than label chemical rates are being used in Denmark as advised by an on-line weed 
control model that is used by 1000 growers and 200 consultants.  However, lower than label 
rate may increase the risk of herbicide resistance development in Australia.  
• All chemical and granular application equipment used in Germany has to be certified by their 
Federal Government. 
BACKGROUND 
This paper describes some of the weed control methods discussed at the 7th European Weed 
Research Society (EWRS) Physical and Cultural Weed Control Workshop, Salem, Germany 
12-14 March 2007 and the following study tour in Germany and Denmark. 
Organic food is in great demand in Germany and Denmark but supply is a problem.  Growers are 
facing increasing weed numbers and the cost of hand weeding is huge.  The main focus of the EWRS 
working group is therefore targeted at organic growers.  Papers included thermal (steam or flame) or 
cultural control with tillage – harrowing, inter-row and intra-row.  The latest work involves detecting 
plants and physical or cultural methods of control, such as gas flames, hydraulic controlled tools or a 
new rotary disc target the intra-row weeds, particularly for vegetables.  Robotic weeders are currently 
very slow and expensive but this is an exciting area for future development. 
The papers from the workshop are available on the EWRS website (www.ewrs.org/pwc).  Interesting 
points from the three day workshop were: 
1. Thomas Bak (www.aau.dk) works in Intelligent Autonomous Farming Systems and he spoke of 
the problems of current robots being too slow.  He has worked on identifying in-row weeds then 
spraying with fine nozzles (used a commercial cardboard box printer) and used hair removal 
lasers to target small weeds.  With both systems height control is critical and a 3D camera is 
needed. 
2. Alisha Cirujeda gave an interesting paper on using heavy brown Kraft paper (200 g/m2) as a 
weed mulch instead of plastic for vegetables since the plastic caused a disposal problem for the 
growers.   
3. Bill Curran found a crimper roller most effective for green mulching flowering cereals (best time 
at Zadok 55-60).  It was not effective on canola. 
4. Johan Ascard described why some non-chemical weed control methods are adopted in practice 
while others are not.  He said men go for ’Steel in the field‘ whereas women like living mulch to 
reduce weeds.  Organic mulches have problems favouring perennial weeds, field mice and 
slugs.  Band steaming is slow, expensive with high energy use; freezing is slow and expensive; 
electrical control has a safety problem; flaming is expensive and short term but fast and reliable; 
weed harrowing has low selectivity but is fast; brush weeders are expensive to purchase; 
ground driven rotary finger weeders seem to work as there are lots of brands on the market and 
torsion weeders have to be setup correctly or crops can be damaged. 
5. Pieter Bleeker released a new book ’Practical weed control in arable farming and outdoor 
vegetable cultivation without chemicals‘, which I purchased.  This book has a wealth of practical 
tips on crops and machinery but mainly covers wide row crops. 
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Following this I visited Dirk Rautmann (d.rautmann@bba.de) at the Application Techniques Division of 
the BBA Federal Biological Research Centre for Agriculture and Forestry, Braunschweig, Germany.  
All application technology equipment (granular and liquid applicators) to be used in Germany has to be 
approved by the BBA.  The purpose of the Application Techniques Division is to check plant protection 
equipment adheres to the Plant Protection Act.  The Division also publishes a list of certified 
equipment for growers to buy. 
Rigorous testing which costs manufacturers around €3,000 includes a static spray pattern distribution, 
which has to have a coefficient of variation of less than 7%, a dynamic test on a vibrating floor and the 
coefficient of variation has to be less than 9% and a residual test.  Voluntary testing is also done for 
manufacturers and growers.  The potential exists that if a grower’s sprayer fails the test, the grower’s 
subsidies could be reduced if not brought up to the standard.   
Orchard spray drift is a problem and remote controlled shields for one side of an orchard sprayer, 
when on an edge run, can reduce drift dramatically.  All sprayers are tested on a tilting floor (fore and 
aft and sideways) to measure residual spray volume in the sprayer. 
Large boom sprayers are tested for spray pattern variability by bolting to a vibrating floor to simulate 
field dynamics.  Dirk said the room size needs to be upgraded as the 36 m booms currently just fit but 
wider booms are coming on the market. 
Andreas Herbst (a.herbst@bba.de) showed their Oxford Laser VisiSizer droplet size analyser.  There 
still seems to be a problem getting the correct information on nozzle spray quality as he showed, as an 
example, the company catalogue for the Agrotop Airmix 11003KS nozzle shows medium spray quality 
but his tests show it as Coarse spray quality, and even Very Coarse at 1 bar pressure. 
The wind tunnel is used to measure nozzle spray drift and it has a recirculating air system which has 
the ability to adjust temperature and humidity.  Andreas had developed a technique to wash the spray 
off the fine food grade tube collectors that stretch across the wind tunnel at various heights. 
Arnd Verschwele (a.verschwele@bba.de) works in the weeds section and he showed some outside 
plots where he is investigating row spacing of wheat for organic farms.  He said organic growers are 
tending to use wider rows to be able to inter-row cultivate.  He also showed their glasshouse herbicide 
resistance testing centre and spray cabinet.  Weed seed is germinated on a petri dish then 
transplanted into small pots, sprayed and placed in a growth cabinet with daily temperature varying 
from 10 to 20°C.  They also have outside pot work where crop competition is tested. 
I visited the Research Station farm with Dirk and the Manager, Hermann Scheb-Wetzel and viewed a 
new Hatzenbichler inter-row cultivator that has components that may be suitable for use in Australia.  
The five row unit at 75 cm spacing can be used for maize and it had tines close to the row that are 
followed by two light duty rotary harrows (Figure 1).  They have 15 ha of organic area where no 
herbicides are used and Arnd Verschwele is testing weed competition with different row spacings. 
       
Figure 1. Arnd Verschwele and Hatzenbichler front mounted inter-row cultivator. 
Agribusiness Crop Updates 2008 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
64 
All the field is ploughed with a mouldboard before experiments are sown.  The organic experiment has 
a rotation of eight different crops; rape, potatoes, field peas (semi-leafless), set-aside (sown with 
grass, mown several times and ploughed), rye, winter wheat for two years and spring barley.  
Potassium fertiliser is allowed on organic potatoes and 90 kg/ha of rock phosphate is applied over 
three years.  Organic yields tend to be only 60% of conventional potato yields.  Farms use 
non-permanent tramlines for spraying and spreading fertiliser on 20 to 36 m wide tramlines. 
Denmark 
Visited the University of Aarhus, Faculty of Agricultural Sciences, Flakkebjerg.  The reason Denmark 
wants to reduce pesticide consumption can be seen from the following timelines: 
• 1981-85: Increase in use of pesticides, start of public debate. 
• 1986: First Danish Pesticide action plan – 1986-1997, reduce pesticide use by half, 
reduce treatment frequency by half, re-evaluation of all old pesticides, reduction 
should be stimulated by recommendations from advisers and scientists. 
• Since 1993: Findings of pesticides in drinking water. 
• 1994: Introduction of prohibition list. 
• 1996: Pesticide tax increased from 3% to 13% for herbicides and fungicides, 27% on 
insecticides. 
• 1997-1999: Bichel committee, to investigate the consequences of a partly and total phasing out 
of pesticides. 
• 1998: Tax is doubled, 33% on fungicides, herbicides, growth regulators; 54% on 
insecticides. 
• 2000: 2.  Pesticide action plan. 
A Treatment Frequency Index (TFI) was developed to have a measure of reducing pesticide use.  A 
TFI of one means one pass of a full dose or two passes of a half dose, etc.  The 2000:  ’2.  Pesticide 
action plan’ aimed to have the TFI of 2.0 but achieving this may be difficult. 
The driving force to reduce pesticides comes from: 
• Pesticides in ground water.  The policy is to close wells not to purify water. 
• 5% of public wells have higher concentrations than 0.1 ug/L. 
• 13% of filters from ground water (517) have shown higher values than 0.1 ug/L. 
• Out of 40 analysed ai and metabolites, 29 have been found in concentrations above 0.1 ug/L. 
Products prohibited by law include: 
• atrazin, cyanazin, trifluralin, hexazinon, dichlorbenil, MCPA, mechlorprop, dichlorprop, 2,4-D, 
propachlor, isoprotoron; 
• vinclozolin, iprodion, captan, fenarimol, thiabendazole, thiaphanat-methyl, thiram, guazatine, 
ziram, dazomet, propineb; 
• diquat, paraquat; 
• dichlorvos, deltamethrin, diazinon, lindane, chlorfenvinphos, esfenvalerat. 
Met Eric Gallandt (Eric.Gallandt@agrsci.dk) from Main, USA who was on sabbatical working on weeds 
at Flakkebjerg.  He has a student going to do some work on row spacing with weeds and may include 
row orientation after Shahab Pathan’s work in Western Australia. 
Peter Jensen (PeterK.Jensen@agrsci.dk) presented his work on spray technology.  He is focusing on 
biological efficacy testing, tests in field and semi-field conditions, spray drift, field testing and operator 
exposure – cleaning of equipment.  They use 100 to 200 L/ha of water and his work on controlling 
ryegrass with a foliar acting herbicide at the 2-3 leaf stage found a significant increased efficacy 
angling the nozzles compared to the standard vertical mounting and the best result was obtained 
using the largest angling and especially forward angling.  Questions remain though:  should angling be 
adjusted to wind direction, can efficacy be improved by increasing the angling more, should boom 
height be reduced correspondingly, what if a crop was present and what about dicotyledon weed 
control. 
He also mentioned the new Syngenta Hawk nozzle developed for control of small black grass, which is 
a 03 flat fan nozzle with a built in 40° forward angling (the nozzle cap is still vertical).  A problem for 
Australia could be stubble and Syngenta suggest reducing the straw burden. 
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Ilse Rasmussen (IlseA.Rasmussen@agrsci.dk) who attended the workshop in Germany showed me 
the glasshouses, machinery they use and some organic field experiments she was working on with Bo 
Melander.  Weed control in organic agriculture is her main focus and one experiment she showed me 
involved rotations with different levels of tillage before and after sowing.  Permanent buried tubes were 
used to sample ground water for leachate nutrients.  Some work appeared to show where animal 
manure (slurry) was used, the crop tended to compete better against weeds.  Denmark has a large 
dairy and pig industry and all waste has to be stored in tanks over winter for spreading in spring. 
Per Rydahl (Per.Rydahl@agrsci.dk), a weed scientist (Figure 2), showed me his on-line spray decision 
system that includes three steps – assesses the level of control needed, selects single herbicides and 
calculates dose needed and then calculates tank mixtures and optimises cost.  There is a 
demonstration site at www.pvo.planteinfo.dk in Danish, English and German and he has 1000 growers 
and 200 consultants subscribing to the site.  He said sometimes 10% of the label rate is all that is 
needed and had not had a failure yet and is very confident with his model.  He did not mention the 
possible increase in herbicide resistance with lower rates but since an input to the model is the level of 
control needed, it may not be a problem.  However, lower than label rate may increase the risk of 
herbicide resistance development in Australia as the label rate in Australia is already lower than in 
USA and Europe. 
He did say the biggest problem has been weed identification since most chemicals should be applied 
to small weeds and small weeds can be hard to identify.  To help overcome this problem his on-line 
service includes pictures of at least 75 weed species at various stages of growth and a sorting function 
based on characteristics such as shape and size of the first leaf.   
Bo Melander (Bo.Melander@agrsci.dk) spoke about ways to improve weed control by cultural 
methods such as harrowing before and after wheat emergence (Figure 2). 
           
Figure 2. Per Rydahl and harrowing in wheat to control weeds (photo courtesy Bo Melander). 
He found injecting animal waste slurry below the wheat seed gave better competitive wheat crops 
against weeds than slurry applied on top.  The hypothesis for the result is the weed seeds that 
germinate tend to be shallow rooted and by placing the N fertiliser deeper than the wheat, the wheat 
roots may access the N before the weeds and so grow faster than the weeds.  In spring barley he 
found 20% of the weed control was due to selecting a competitive variety, 30% due to placement of 
slurry and 80% due to harrowing.  He also used inter-row hoeing in spring barley with an ECO-DAN 
automatic steering system (www.eco-dan.dk) and did inter-row hoeing in winter wheat using a 
ROBOCROP (www.garford.com) automatic steering system.  He found weed biomass was reduced by 
half in spring barley with 24 cm rows compared to the standard 12 cm rows. 
He said vegetable crops have particular problems as weeds can be critical in the early growth of the 
crop.  Intra-row systems include flaming, hydraulic tines, brushing and expensive hand weeding. 
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CONCLUSION 
In Germany and Denmark there is a swing towards organic agriculture and tramlining or controlled 
traffic farming systems opens up many non-chemical options for weed control that is not possible with 
conventional farming systems.  Herbicide rate models are also being used to reduce the amount of 
chemicals used in their agricultural system as residues were found in ground water, which is their main 
source of water for urban areas. 
Herbicide resistance is an increasing problem worldwide so some of these current ’organic‘ farming 
systems, such as harrowing in crop, may play an important part of an integrated weed control program 
in the future. 
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Mouldboard ploughing shows promise on sand 
Peter Newman, Stephen Davies and Sally Peltzer, Department of Agriculture and 
Food, Western Australia 
KEY MESSAGES 
Mouldboard ploughing of sandplain soils may be useful for paddock renovation to bury weed seeds, 
incorporate lime at depth and perhaps to reduce the non-wetting nature of sandy soils.  Early 
indications are that this leads to large increases in crop yield.  Wind erosion is a risk and cover 
cropping wet soil after ploughing is recommended. 
AIMS 
To evaluate the use of a mouldboard plough to incorporate lime sand and bury weed seeds to a depth 
of 10 to 20 cm from which they cannot emerge. 
METHOD 
Yellow sandplain soil.  Property of Bob and Murray Preston, Casuarina.  Strip plot design to allow 
mouldboard ploughing to be kept in large blocks.  Four replicates.  Paddock was originally sown to 
barley.  This was sprayed with glyphosate 2 L/ha on 26 July 2007.  Lime treatments applied by hand 
on 28 July 2007.  Treatments 1.  Nil mouldboard/nil lime;  2.  Nil mouldboard lime 2 t/ha spread on soil 
surface;  3.  Mouldboard/nil lime;  4.  Mouldboard + lime 2 t/ha (applied pre-mouldboard);  
5.  Mouldboard + lime 1 t/ha (applied pre-mouldboard) + lime 1 t/ha (after mouldboard);  
6.  Mouldboard + lime 2 t/ha (applied after mouldboard).  Mouldboard plough fitted with skimmers set 
to cultivate 20 to 25 cm deep.  Mouldboard treatments applied 28 July 2007.  Sown 28 July 2007 to 
Stirling barley 100 kg/ha + Agstar 80 kg/ha with a cone seeder fitted with knife points (superseeder) 
and presswheels.  Site monitored for weeds and crop biomass cuts conducted on 22 October 2007.  
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Figure 1. Soil pH for a) control, surface lime applied at 2 t/ha (Lime) and mouldboard plough (Plough) 
treatments and b) mouldboard plough treatments with and without lime applied before (Lime + 
plough) or after ploughing (Plough + lime) at a rate of 2 t/ha or split with 1 t lime/ha applied 
before ploughing and 1 t lime/ha after ploughing (Lime + plough + lime). 
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Subsoil at the site was acid with a pHCa less than 4.3.  Surface liming increased the pHCa of the top 
10 cm but had no effect on the subsoil (Figure 1a).  Mouldboard ploughing brought some acid subsoil 
to the surface causing a decline in the pHCa of the top 10 cm but increased the subsoil pH at 10-20 cm 
to 4.5 (Figure 1a).  Incorporation of 2 t/ha lime before ploughing did substantially increase the pH at 
10-20 cm to 5.4 (Figure 1b) but incorporation of 1 t/ha did not significantly increase the pH.  
Application of 1 and 2 t/ha of lime after ploughing did improve the topsoil pH to greater than 5.5 
(Figure 1b). 
Extractable aluminium levels in the subsoil below 10 cm were high, > 4 mg/kg, in the untreated control 
plots and those treated receiving surface lime only (data not shown).  Mouldboard ploughing 
significantly reduced the extractable aluminium level at 10-20 cm to 2 mg/kg and addition of lime prior 
to or after ploughing reduced this further to less than 1 mg/kg.  Extractable aluminium levels at 
20-30 cm remained high, > 5 mg/kg, regardless of treatment. 
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Figure 2. Barley yield (kg/ha) and crop biomass (dry matter kg/ha from cuts on 22 October 2007) for a 
range of mouldboard plough and lime treatments.  Lime applied at 2 t/ha to nil mouldboard; 
2 t/ha before mouldboarding; 1 t/ha before and 1 t /ha after mouldboarding; or 2 t/ha after 
mouldboarding. 
There were significant differences in grain yield and crop biomass between mouldboard and nil 
mouldboard treatments (p < 0.05).  There was no difference in yield or biomass between lime 
treatments.  On average, mouldboard ploughing increased barley yield by 20%.  Mouldboard 
treatments had significantly higher protein/hectolitre weight and lower screenings than controls 
(p < 0.05).  Wild radish and annual ryegrass are present at the site prior to spraying and mouldboard 
ploughing in July.  However, very few weeds germinated in the barley crop that was established on 
28 July.  Weeds will be monitored in the future to determine long term effects to the seed bank. 
Another demonstration site at Peter Horwood’s property (12 km west of Mingenew) was ploughed and 
sown to Wyalkatchem wheat on the same day as this trial.  This demonstration was un-replicated (four 
harvest cuts were taken from each block).  Nil mouldboard wheat yield was 455 kg/ha.  Mouldboard 
wheat yield was 915 kg/ha.  This represents a 101% yield response to mouldboard ploughing. 
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CONCLUSION 
Mouldboard ploughing of yellow sandplain soil resulted in a 20% increase in barley yield at Casuarina 
and a 101% increase in wheat yield in a demonstration at Mingenew.  These yield responses were 
seen in cover crops sown on 28 July immediately after ploughing.  The cover crops were not expected 
to produce grain due to the late time of sowing but were aided by late September rain.  These yield 
responses were not due to reduced weed density as there were very few weeds in the cover crops.  
There was no response to lime so it was not due to reducing sub-soil acidity.  The roots of the barley 
and wheat plants in mouldboard plots were visually more prolific than those of the no-till (i.e. Nil 
mouldboard) plots.  Water repellence testing revealed that the soil at the site was not water repellent 
and there were only slight differences in water droplet infiltration time between mouldboard and no-till 
treatments.  It is likely that the yield response is largely due to the physical loosening of the soil 
caused by cultivation and possibly a nitrogen flush.  
Incorporation of lime with mouldboard ploughing did increase the pH of the subsoil at 10-20 cm by 0.9 
and reduced the extractable aluminium to less than toxic concentrations.  Previous experience has 
shown that it can take four to five years for surface lime to significantly increase the soil pH for the 
10-20 cm layer by 0.2-0.3 pH units.  Mouldboard ploughing can bring acid subsoil to the surface so the 
soil may need to be limed following ploughing.   
Very few weeds germinated in the barley cover crop at this site and no post emergent herbicide was 
applied but the site has a moderate seed bank of ryegrass and wild radish which will be monitored in 
future years.  Mouldboard ploughing the soil has been shown to be very successful in controlling 
annual ryegrass (Peltzer and Matson, 2006).  A one-off soil inversion event using a mouldboard 
plough in 2002 reduced annual ryegrass numbers by over 95% at Beverley and Katanning over two 
years, resulting in substantially higher grain yields.  Windrow burial was the most effective weed 
removal method at trials in Mt Barker and Katanning in 2004, reducing annual ryegrass numbers by 
over 99% compared with untreated windrows.  The resultant yields were over 200% greater than the 
untreated controls (Peltzer and Matson, 2006). 
The initial aims of this research was merely to decimate a weed seed bank by placing weed seeds at a 
depth from which they cannot germinate.  However, as the research has progressed, it has become 
apparent that there are other benefits (many of which are unknown at present) that are leading to 
large yield responses.  The ideal future scenario is that mouldboard ploughing will be a profitable and 
sustainable exercise in its own right and that weed seed burial is a bonus.  Therefore, mouldboard 
ploughing may one day be viewed as a full paddock renovation rather than just weed control.  It is 
anticipated that mouldboard ploughing may be used by no-till farmers once every ten to fifteen years. 
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Weed seed head trimming 
Glen Riethmuller1 and Abul Hashem2 
1Department of Agriculture and Food, Western Australia, Merredin 
2Department of Agriculture and Food, Western Australia, Northam 
KEY MESSAGES 
Weed trimming above short crops such as lupins and chickpeas shows potential as a non-chemical 
method of reducing the weed seed bank before harvest. 
Wild radish appears to have the most potential for reducing weed seed set by trimming but wild oats 
that tend to regrow after trimming has less potential. 
AIMS 
To investigate non-chemical methods of reducing weed seed set before harvest. 
BACKGROUND 
Selective spraying at flowering of weeds, blanket wiping or crop topping at crop maturity are often 
performed in reducing weed seed set.  These practices involve increased frequency of herbicide 
applications that may contribute to the development of resistance.  Although swathing is a physical 
way of preventing weed seed set in crops such as canola, the limitation of this practice is many weeds 
seeds would mature before swathing is done and mature seeds are likely to shatter.  Weed seed 
shattering, with or without swathing, is also a serious limitation of weed seed collection at harvest.  
One way to alleviate this problem is to remove the weed seed heads at flowering stage before seeds 
are mature. 
At flowering stage, some weed heads are much taller than canopy of crops such as chickpea and 
lupins.  A swather or header that can be raised up to 50-100 cm high or above crop canopy may be 
used to cut and remove the seed heads of weeds with minimum damage to crops in a tramline farming 
system.  Results from 2006 suggested Indian hedge mustard, wild radish, wild oats and volunteer 
wheat were reduced by trimming using a commercial harvester. 
METHOD 
Lupins were sown on 30 May 2007 with 91 kg/ha Mandelup (ROVAL treated) and 80 kg/ha double 
super and no pre-emergent sprays but 2 L/ha Spray.Seed pre-seeding.  Many treatments were 
planned but due to the poor season rainfall the experiment was sprayed with 2 L/ha Roundup CT on 
2 October leaving two 1 m2 quadrats of the best of the crop, which was not sprayed out and was used 
for a comparison of hand trimming vs not trimmed.  The main weed species was wild radish. 
Similarly chickpeas were sown on 12 June 2007 with 103 kg/ha Genesis 510 (plus Thirflo and 
ALOSCA inoculant) and 79 kg/ha double super and no pre-emergent sprays.  Again two 1 m2 quadrats 
of the best of the crop were used for a hand trimming comparison.  The main weed species was wild 
oats with a few Indian hedge mustard plants.  
RESULTS 
Lupins 
The two quadrats were pegged on 19 September and each had 48 lupin plants and seven wild radish 
plants and one was hand trimmed 3 cm above the lupins to 33 cm off the ground with marked corner 
pegs.  A total of 318 wild radish pods were trimmed off the seven plants leaving 46 pods on the 
remaining plants in one quadrat (Figure 1).  At harvest on 27 November this quadrat had a total of 132 
pods (10.1 g) formed on the plants and collected off the ground.  The similar untrimmed quadrat with 
seven radish plants had 317 pods (25.6 g). 
From this small comparison the potential for trimming showed a 60% reduction in wild radish pod 
production. 
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Figure 1. Lupin area after hand trimming (left) and the cut material (right). 
Chickpeas:  On 19 September two quadrats had 53 chickpea plants and 26 wild oats plants and one 
quadrat was hand trimmed 3 cm above the chickpeas to 30 cm off the ground using four corner pegs 
with marks at 33 cm (Figure 2).  A total of 518 wild oat seeds were trimmed off leaving 148 seeds on 
the remaining plants as well as three Indian hedge mustard plants were trimmed and nine Indian 
Hedge mustard seed pods were trimmed off leaving no pods on the plants.  
At harvest on 30 November the area had a total of 565 wild oat seed shells remaining on the plants 
that had shed as well as 145 mustard pods.  The similar untrimmed area with 25 wild oat plants had 
701 shells remaining as well as 154 mustard pods. 
It appears trimming wild oats was not very effective as the reduction was only 19% mainly due to 
regrowth which reproduced seeds after trimming.  Similarly, the small number of mustard pods 
reduction was also no real difference.  
           
Figure 2. Chickpea area before (left) and after (centre) hand trimming and the cut material (right). 
CONCLUSION 
Weed trimming over lupins reduced wild radish seed set by 60% where only a small reduction in wild 
oat seed set was found over chickpeas. 
Future work will expand the potential of using both trimming and crop-topping to reduce the weed seed 
bank. 
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A survey of summer weed incidence and distribution 
across the WA wheatbelt 
Pippa Michaela, Bill McLeodb, Catherine Borgerb and Alex Douglasb 
aCurtin University of Technology, p.michael@curtin.edu.au;  phone:  9690 1444 
bDepartment of Agriculture and Food, Western Australia;  phone:  9368 3333 
KEY MESSAGES 
• The most prevalent summer weed species were wheat, melons, annual ryegrass and capeweed 
(> 20% incidence across all 315 sites). 
• A total of 54 species from 17 families was recorded during the survey. 
AIMS 
Rainfall in the south west of WA has altered considerably over the past three decades, with a shift 
towards drier growing seasons and wetter summers.  This change has significant implications on the 
abundance and diversity of summer weed species, an already serious problem of farming systems.  
Summer weeds can adversely affect the crop by reducing water availability in the growing season, 
providing a green bridge for diseases and insects and through allelopathic effects.  In order to develop 
control strategies for these increasingly prevalent summer weeds, it is essential to gain an 
understanding of its biology and ecology.  However, there has been little research into the frequency 
and distribution of summer weed species in Australia, and thus it is not known which the key species 
requiring study are.  
The aim of this study was to assess weed incidence and diversity across the WA wheatbelt and 
determine the most abundant weed species within each agro-ecological GRDC zone (Northern, 
Central, Eastern, Sandplain). 
METHOD 
During the summer of 2005/06, DAFWA staff assessed 315 sites across the wheatbelt.  At each site, 
an area of one hectare of paddock was identified which had not been sprayed by herbicide or grazed 
by livestock.  Species incidence was recorded using 20 x 1 m2 quadrats selected at 20 m intervals 
along a ’W‘ transect.  In addition to these random sites, 13 fixed sites were established across the 
wheatbelt with weed species incidence assessed several times during the summer period.   
RESULTS 
A total of 54 species from 17 families was recorded during the survey.  Across all sites, species with 
greater than 10% incidence were as follows (Table 1). 
Table 1. Summer weed species with more than 10% site incidence, averaged over all sites (315) 
Rank Species Latin name % incidence 
1 Wheat Triticum aestivum 73.6 
2 Melon Cucumis myriocarpus / Citrullus lanatus 44.1 
3 Ryegrass Lolium rigidum 38.4 
4 Capeweed Arctotheca calendula 23.5 
5 Clover Trifolium spp. 18.0 
6 Mintweed Chenopodium pumilio 14.9 
7 Radish Raphanus raphanistrum 14.0 
8 Fleabane Conyza spp. 13.3 
9 Windmill grass Chloris spp. 12.4 
10 Rolypoly Salsola australis 10.2 
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The dominant weed species (i.e. > 10% incidence) differed slightly to that shown above for three of the 
GRDC agro-ecological zones (Figure 1).  Within the Northern zone, caltrop, button grass and mulla 
mulla were also prevalent weeds.  For the Eastern zone caltrop, afghan thistle, small burr grass and 
stink grass were also present at more than 10% of sites. Within the Sandplain zone, mallow and 
flatweed were also dominant.  
Whilst no significant differences were found between locations for the random sites (most likely an 
effect of low replication) significant differences were found between locations for the fixed data.  
Except for Central sites, all other locations differed significantly to each other.  
Northern sites (38)
Incidence (%)


















































Figure 1. Summer weed species with more than 10% site incidence within each zone. 
CONCLUSION 
This survey has determined that there is diversity and a high incidence of summer weed species 
across the WA wheatbelt.  Furthermore, within each region there are particular weeds specific to that 
area which are dominant.  For example, fleabane was found at over 40% of Sandplain sites, but 
present at levels of less than 10% at all other sites.  However, there were several weed species that 
were consistently dominant across all regions such as wheat, melons, annual ryegrass and wild 
radish.  The information from this survey will ultimately enable future research efforts to focus on the 
most prominent summer weed species of both the wheatbelt as a whole and within specific regions. 
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summer weeds, incidence 
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Herbicide tolerance of field pea varieties 
Harmohinder Dhammu1 and Mark Seymour2, Department of Agriculture and Food, 
Western Australia;  1Northam and 2Esperance 
KEY MESSAGES 
• The field pea varieties tolerated a range commonly used herbicides/herbicide mixtures both at 
sowing and post emergent. 
• Kaspa and Bundi showed sensitivity to metribuzin at rates higher than 285 g/ha. 
• Kaspa showed sensitivity to Raptor®. 
• The unregistered herbicides Boxer Gold®, Linuron® and Blazer® + MCPA (Na and K salt) were 
tolerated well, where as Brodal® + MCPA LV ester was phytotoxic to all the field pea varieties 
tested. 
Note: It is emphasised here that one should always follow herbicide label recommendations.  The 
Department of Agriculture and Food does not endorse the use of herbicides above the 
registered rate or off-label use of herbicides or off-label tank mixes.  Crop tolerance and yield 
responses to herbicides are strongly influenced by seasonal conditions.  Rates of unregistered 
herbicides tested in this experiment have been purposely omitted. 
AIM 
To evaluate the herbicide tolerance of new field pea varieties. 
METHOD 
A field trial was laid out in criss-cross design under weed free conditions at Wittenoom Hills in which 
three field pea varieties (Bundi, Kaspa, and Yarrum) were sown on 29 May 2007 on a sandy loam soil 
(pH (CaCl2) 7.6) with three replications.  The varieties were sown in 5 cm deep at 120 kg/ha seed rate, 
along with 112 kg/ha Whitstar Extra banded below the seed, using knife points followed by rolling 
harrows and a rubber tyre roller.  The plots were 20 m long and 1.44 m wide, sown at 2 m centres.  
Surrounding each treatment-pair plots was sown a faba bean plot for vehicle sprayer access and to 
minimise drift onto nearby treatment plots.  There was a 0.5 m buffer between each treatment pair 
plots, which was not seeded. 
A range of herbicide treatments (Table 1) were applied across the variety strips before seeding 
(29 May), immediately post plant (30 and 31 May), at 3-4 node stage (6 July), 6-7 node stage (18 July) 
and 18-19 node stage (5 September).  Every 11th plot was kept as untreated control to assess the 
spatial variability.  At the time of pre-emergent herbicide treatments application (31 May), soil moisture 
content (0-10 cm) was 12.2% (on dry weight basis).  To determine the effect of 1-13 herbicide 
treatments (plus all the untreated control plots) on plant density, the field pea plants were counted 
from two randomly selected 100 cm x 24 cm quadrates per plot, 6 weeks after seeding the crop 
(19 July).  The field pea varieties were also assessed for visual injury in terms of leaf spotting, 
yellowing, necrosis, height and biomass reduction at two to three weeks after each treatment 
application and again at flowering stage using a 0 to 100% scale, where 0 = no visible injury and 
100 = complete plant death (19 July, 2 August and 25 September). 
To manage low density of ryegrass and volunteer cereals, Aramo® 300 mL/ha was applied on 
18 August.  Insecticides applied across the whole site were Talstar® 0.2 L/ha (31 May) against 
redlegged earth mite, Rogor® 0.8 L/ha (3 August) against aphids, alphacypermethrin 0.2 L and 
Rogor® 0.8 L/ha (18 August) against pea weevil and aphid, alphacypermethrin 0.2 L/ha 
(10 September) for pea weevil and alphacypermethrin 0.2 L/ha (4 October) for native budworm.  The 
trial was harvested on 18 November 2007 and grain yield was calculated using a final plot length of 
18 m and 2 m centres (36 m²). 
Total rainfall from May to November at Scaddan was 189 mm (nearest automated weather station).  
The monthly distribution of the rainfall from May-October was quite uniform and highest rainfall during 
this period was in October (31%). 
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RESULTS AND DISCUSSION 
The effect of registered herbicides (in field peas) during early crop growth, at flowering and on grain 
yield (Table 1) of field pea varieties was as follows: 
• Brodal® and Sniper® are registered for use on field pea from 3rd node up to start of flowering 
stage.  Brodal® 200 mL/ha applied at 3-4, 6-7 and 18-19 node stages resulted in slight 
bleaching of the leaves/tendrils exposed to spray, but caused no significant negative effect on 
grain yield of any of the varieties tested.  Sniper® 50 g/ha applied at 3-4 and 18-19 node stage 
caused more intense bleaching of leaves/tendrils than Brodal®.  Sniper® also resulted in 
significant yield reduction in Kaspa when applied at 3-4 node stage and this yield reduction in 
Kaspa is in contrary with the previous results. 
• During 2005, APVMA approved a permit (8833) for the use of metribuzin (Lexone® DF 750 g 
metribuzin/kg or any similar product) in field pea in WA, at the rates 180-380 g/ha depending on 
soil type, but in this trial we tested it at a higher rate also to assess the crop safety margins of 
the varieties for this herbicide.  Pre-emergent application of Lexone® at 380 g/ha was safe to all 
the varieties tested, however, its application at a higher rate resulted in significantly lower plant 
establishment of Bundi and Kaspa (data not shown).  Post-emergent application of Lexone® 
380 g/ha also caused significant reduction in number of Kaspa plants.  The negative effect on 
the plant population with pre- and post-emergent Lexone® was translated into significant loss in 
grain yield of Bundi and Kaspa.  Post-emergent Lexone® at 380 g/ha had no significant 
negative effect on Bundi plant population, its growth and development, but produced 
significantly less grain yield in this variety.  These results especially of Kaspa are in contrast 
with results of a trial conducted during 2006 at Scaddan where post-emergent application of 
Lexone® was safer than its pre-emergent application at 380 g/ha.  The trial results indicate that 
Yarrum seems to have better tolerance to metribuzin (Lexone®) than Kaspa, which is in line 
with previous trial results. 
• Lexone® at rates lower than 380 g/ha in two or three way mixes with diuron or/and Spinnaker® 
(pre-em.) or Brodal® (post-em.) was safe on all the varieties.  As Kaspa has shown significant 
yield loss with Lexone® at 380 g/ha or above during 2006 and 2007 trials, we would urge 
caution in using metribuzin at rates higher than 200 g/ha in WA.  In most situations up to 200 g 
product/ha either alone or in mixture with other herbicides will provide adequate weed control. 
• Raptor® 45 g/ha applied at 3-4 node stage with basal Diuron (2 L/ha) caused burning of leaf 
margins, yellowing and stunting of plants across all the varieties during the early crop growth 
stages.  Raptor® also caused significant yield loss in Kaspa which is in contrast with previous 
results.  
• MCPA 250 (Na and K salt) at 1 L/ha applied at 6-7 and 18-19 node stages was tolerated well by 
all the varieties and the results (6-7 node stage) are consistent with previous trial results. 
The effect of unregistered herbicides (in field peas) during early crop growth, at flowering and on 
grain yield (Table 1) of field pea varieties was as follows: 
• Boxer Gold® is mixture of s-metolachlor (group K) and prosulfocarb (group E) for ryegrass 
control in cereals.  It will be registered in wheat and barley at 2.5 L/ha.  The lowest rate tested in 
this trial was safe for all the field pea varieties, but the highest rate caused stunting of plants, an 
estimated 10% biomass reduction across all varieties, and significant reduction in Yarrum plant 
establishment.  The observed visual symptoms were mitigated by the time crop reached the 
flowering stage and there was no significant effect on grain yield of any variety. 
• Linuron is a Group C Product herbicide and very similar to diuron.  It is more soluble and its 
foliar absorption is better than diuron.  It is currently registered in wheat, barley, oats, soybean 
and vegetables.  The rate tested was found to have no negative effect on any of the field pea 
varieties.  
• Blazer® (aciflurofen) is a group G herbicide and registered for broadleaf weed control in 
soybean and peanuts in WA.  Blazer® mixed with MCPA 250 (Na and K salt) at 6-7 node stage 
did not produce any visual symptoms and there was no significant effect on grain yield of any of 
the varieties.  Bowran and Roberts (1995) reported that Dundale, Wirrega, Laura, and DSIR-173 
field peas tolerated Blazer® at 3 node stage very well.  (Ref:  Alternative grain legume tolerance 
to herbicides:  95ME109.) 
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• Brodal® + MCPA LV ester applied at 6-7 and 18-19 node stages caused stem twisting, 
yellowing, stunting of plants and an estimated 20% biomass reduction across all varieties.  
Significant yield loss occurred across all the varieties regardless of the time of application, with 
the later timing (18-19 nodes) having the greatest yield loss. 
Table 1. Effect of herbicides on grain yield (% of untreated control) of field pea varieties at Wittenoom 
Hills (07NO29) 
No. Herbicides (rate/ha) Timing Bundi Kaspa Yarrum 
0 Untreated control  >>>Yield (kg/ha)  2194 1845 2120 
1 Boxer® Gold at low rate Before 95 102 96 
2 Boxer® Gold at higher rate seeding 100 98 104 
3 Diuron (500) 2 L (*) Immediately 100 93 99 
4 Bladex® 2 L post plant 104 95 96 
5 Spinnaker® 700 WDG 70 g " 103 100 96 
6 Lexone® 380 g " 95 91 95 
7 Lexone® at higher rate " 80 78 91 
8 Linuron®  " 92 93 93 
9 Lexone® 285 g + Diuron 1.5 L " 96 92 91 
10 Spinnaker® 53 g + Diuron 1.5 L " 94 94 93 
11 Spinnaker® 53 g + Lexone® 285 g " 102 93 100 
12 Spinnaker® 35 g + Lexone® 200 g+ Diuron 1 L " 100 102 103 
13 Lexone® 380 g 3-4 nodes 84 80 94 
14 (*) Raptor® 45 g + BS 1000 0.2% " 96 84 93 
15 (*) Brodal® 200 mL " 105 103 101 
16 (*) Sniper® 50 g " 98 89 101 
17 (*) Brodal® 100 mL + Lexone® 100 g " 105 102 110 
18 (*) Brodal® 200 mL 6-7 nodes 105 106 96 
19 (*) MCPA 250 (Na and K salt) 1L " 100 100 93 
20 (*) Blazer® + MCPA (250) 0.5 L " 95 95 105 
21 (*) Brodal® + MCPA LVE  " 86 67 80 
22 (*) Brodal® 18 node 200 mL 18-19 nodes 98 102 97 
23 (*) Sniper® 18 node 50 g " 101 97 101 
24 (*) Brodal® 100 mL + Lexone® 100 g " 97♣ 97♣ 99♣ 
25 (*) MCPA 250 (Na and K salt) 1L " 95♣ 98♣ 96♣ 
26 (*) Brodal® + MCPA LVE  " 26 14 30 
lsd (0.05) Herbicides v/s untreated control 9 11 10 
lsd (0.05) Herbicides v/s Herbicides 9 11 9 
CV (%) 7 8 7 
(*) Indicates Diuron 2 L/ha as basal treatment.  Figures in bold are significantly lower yielding than the untreated 
control. 
♣ Not registered for use in field in WA at this crop stage. 
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Herbicide tolerance of current/new wheat varieties 
Dr Harmohinder Dhammu, Research Officer, Department of Agriculture and Food, 
Western Australia, Northam 
KEY MESSAGES 
This paper summarises research into herbicide tolerance of commonly grown and new wheat varieties 
in WA from 1999-2006. 
AIM 
To identify herbicide sensitivities or tolerances of wheat varieties and thus avoiding potential yield 
losses. 
METHOD 
Table 1 summarises the herbicide X variety interactions using the following symbols based on the 
yield response across the herbicide crop tolerance trials conducted in WA from 1999-2006.  The trials 
sites were Buntine, Esperance, Katanning, Merredin, Mullewa and Newdegate. 
–  Not tested or insufficient data. 
√  No significant yield reductions at the label recommended rates in 2+ trials. 
x% Yield reduction (warning), significant yield reduction at the  label recommended rate in 1 trial only. 
x-y% Yield reduction (warning), significant yield reduction at the label recommended rate in 2+ trials. 
The values in the parenthesis (x) are the number of trials in which a particular variety was tested against a 
particular herbicide. 
Note: Always adhere to label recommendations.  The Department of Agriculture and Food does not 
endorse the use of herbicides above the registered rate, off-label use of herbicides or off-label 
tank mixes.  Crop tolerance and yield responses to herbicides are strongly influenced by 
seasonal conditions. 
RESULTS AND DISCUSSION 
The herbicide tolerance trials conducted over the last eight years in WA indicate that some wheat 
varieties are more susceptible to damage from certain herbicides than others (Table 1).  The variation 
in tolerance may be due to differences in morphological or physiological characters and/or internal ear 
development stages among the varieties.  The level of tolerance amongst varieties varies with the rate 
of herbicide, the environmental conditions when the herbicide is applied to the crop, and the stage of 
the crop growth.  Seasonal variability makes it essential to test herbicide and variety interaction over 
several seasons and locations.  The risk of crop damage from a herbicide, should be balanced against 
the potential yield loss from both the weed competition and the number of weed seeds returning to the 
soil seed bank.  Small yield reductions due to herbicide damage in sensitive varieties may not be 
easily detected at the paddock level, but which over larger areas can be of great economic 
importance. 
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Table 1. Tolerance of wheat varieties to herbicides from 1999 to 2006 

































































Year of testing and trial sites >>>  1999-2001 2006 1999-2001 1999-2003 2002-2004 2004-2005 2004, 2006 1999-2003 2001-2006 2005-2006 
Herbicides/ha Timing ADEF CD ADEF ABCDEF DE E CE ABCDEF BCDEF CDE 
Avadex® BW 2 L (Tri-allate) IBS √ (6) – √ (6) √ (12) √ (5) – – 31 (10) √ (8) – 
Glean® 12.5 g (Chlorsulfuron) IBS 37 (6) – 12 – 25 (6) √ (12) √ (3) – – √ (10) √ (8) – 
Glean® 20 g (Chlorsulfuron) IBS √ (6) √ (2) √ (2) √ (12) √ (2) √ (2) √ (2) √ (2) √ (5) √ (3) 
Logran® 35 g (Triasulfuron) IBS √ (6) – √ (7) √ (13) √ (3) – – √ (11) √ (6) – 
Logran® B Power 50 g 
(Triasulfuron+Butafenacil) 
IBS – √ (2) – √ (3) √ (5) √ (2) √ (2) √ (2) √ (8) √ (3) 
Stomp®330 1.8 L (Pendimethalin) IBS 13 (7) √ (2) √ (7) 36 (13) √ (5) √ (2) √ (2) 21-24 (11) √ (11) √ (3) 
Treflan® 400 1 L (Trifluralin) IBS √ (7) – √ (7) √ (12) √ (2) – – √ (10) √ (5) – 
Triflur® X 2 L (Trifluralin) IBS – √ (2) – – √ (3) √ (2) √ (2) – √ (6) √ (3) 
Yield® 250 EC 2 L 
(Oryzalin + Trifluralin) 
IBS √ (7) – √ (7) 12 (10) – – – √ (9) √ (3) – 
Diuron 1 L+ Dual® 0.5 L 
(Diuron+Metolachlor) 
IBS √ (5) – √ (5) 17 (10) √ (2) – – √ (8) 18 (5) – 
Boxer* Gold 2.5 L 
(s-Metolachlor+Prosulfocarb) 
IBS – √ (2) – – – – – – √ (3) √ (3) 
Diuron 1 L + Glean® 15 g 
(Diuron + Chlorsulfuron) 
IPP √ (5) – √ (5) √ (6) – – – 14 – – 
Wildcat® 0.5 L (Fenoxaprop-P-ethyl) Z12-Z13 √ (2) – √ (2) √ (2) – – – √ (2) – – 
Topik® 240 EC 0.210 L (Clodinafop) Z12-Z13 – – – – √ (2) – – – √ (2) – 
Hoegrass® 375 1.5 L (Diclofop-methyl) Z12-Z13 √ (2) – √ (2) √ (2) – – – √ (2) – – 
Hoegrass® 375 2 L (Diclofop-methyl) Z12-Z13 – √ (2) – √ (2) √ (4) √ (2) √ (2) – 20 (7) √ (3) 
The names in the parenthesis are the chemical names.  * Registration is due in early 2008.  IBS = Incorporated by seeding/applied before seeding, IPP = Immediately post plant.  A = Buntine, 
B = Esperance (Fleming gravely sand, pH-4.5 in Cacl2), C = Katanning (Duplex sandy loam, pH-5.2), D = Merredin (Clay loam/loam, pH-5.1-5.3), E = Mullewa (Sandy loam/red loam, pH-4.6-6.4) 
and F= Newdegate (Duplex sand over clay, pH-4.1). 
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Table 1 continued … 

































































Year of testing and trial sites >>>  1999-2001 2006 1999-2001 1999-2003 2002-2004 2004-2005 2004, 2006 1999-2003 2001-2006 2005-2006 
Herbicides/ha Timing ADEF CD ADEF ABCDEF DE E CE ABCDEF BCDEF CDE 
Decision® 1 L 
(Diclofop + Sethoxydim) 
Z12-Z13 – – – √ (3) √ (5) √ (2) – √ (2) √ (6) – 
Cheetah® Gold 1 L + Hasten® 1% 
(Diclofop + Sethoxydim + Fenoxaprop) 
Z12-Z13 – √ (2) – – – – – – √ (2) √ (3) 
Axial® 300 mL (Pinoxadin)  Z12-Z13 – √ (2) – – – – – – √ (3) √ (3) 
Achieve® 250 g (Tralkoxydim) Z12-Z13 √(6) – √ (6) √ (12) √ (3) – – √ (10) √ (6) – 
Achieve® 380 g (Tralkoxydim) Z12-Z13 – √ (2) – – √ (2) √ (2) √ (2) – √ (5) √ (3) 
Hoegrass® 200 mL + Achieve® 200 g 
(Diclofop-methyl + Tralkoxydim) 
Z12-Z13 – √ (2) – 10 (6) √ (5) √ (2) √ (2) √ (4) 19-30 (11) 30 (3) 
Eclipse® 10 g (Metosulam) Z12-Z13 √ (4) – 12 (4) √ (7) – – – √ (6) √ (3) – 
Jaguar® 1.0 L (Bromoxynil + Diflufenican) Z12-Z13 √ (6) √ (2) 15-19 (6) √ (12) √ (5) √ (2) √ (2) √ (10) √ (11) √ (3) 
Monza® 25 g (Sulfosulfuron) Z12-Z13 – √ (2) – √ (3) √ (5) √ (2) √ (2) √ (2) √ (8) √ (3) 
Ally® 5 g (Metsulfuron) Z13-Z14 √ (5) 18 (2) 11(5) 15 (11) √ (5) √ (2) √ (2) 14-26 (9) √ (11) 17 (3) 
Atlantis® 330 mL (Mesosulfuron-methyl) Z13-Z14 – √ (2) – √ √ (4) √ (2) √ (2) – √ (7) √ (3) 
Broadside® 1 L 
(Bromoxynil + MCPA + Dicamba) 
Z13-Z14 √ (6) √ (2) √ (6) 8-10 (12) √ (3) – – √ (10) √ (9) √ (3) 
Broadside® 1.4 L 
(Bromoxynil + MCPA + Dicamba) 
Z13-Z14  – – – √ (2) – – – √ (2) – 
Hussar® 200 g (Iodosulfuron-methyl) Z13-Z14 – √ (2) – √ (5) √ (5) 34 (2) √ (2) √ (4) √ (11) √ (3) 
Metaven® L 3.0 L 
(Flamprop-M-methyl) 
Z13-Z14 – 19 (2) – √ (6) √ (5) √ (2) √ (2) √ (4) √ (11) √ (3) 
Paragon® 0.375 mL 
(Picolinafen + MCPA) 
Z13-Z14 – – – – √ (5) √ (2) – – √ (3) – 
The names in the parenthesis are the chemical names.  A = Buntine, B = Esperance (Fleming gravely sand, pH-4.5 Cacl2), C = Katanning (Duplex sandy loam, pH-5.2), D = Merredin (Clay 
loam/loam, pH 5.1-5.3), E = Mullewa (Sandy loam/red loam, pH-4.6-6.4) and F= Newdegate (Duplex sand over clay, pH-4.1). 
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Table 1 continued … 

































































Year of testing and trial sites >>>  1999-2001 2006 1999-2001 1999-2003 2002-2004 2004-2005 2004, 2006 1999-2003 2001-2006 2005-2006 
Herbicides/ha Timing ADEF CD ADEF ABCDEF DE E CE ABCDEF BCDEF CDE 
Tigrex® 1.0 L (Diflufenican + MCPA) Z13-Z14 √ (7) √ (2) 16 (7) 30 (13) √ (5) √ (2) √ (2) 18-41 (11) √ (11) √ (3) 
Buctril® MA 1 L (Bromoxynil + MCPA) Z13-Z14 √ (4) – 9 (4) √ (7) – – – 12 (6) √ (3) – 
Buctril® MA 1.4 L (Bromoxynil + MCPA) Z13-Z15 – √ (2) – √ (3) √ (5) √ (2) √ (2) √ (2) √ (8) 6 (3) 
Affinity® 50 g + MCPA 0.5 L 
(Carfentrazone-ethyl + MCPA) 
Z13-Z14 √ (4) √ (2) 9-15 (4) √ (10) √ (5) √ (2) √ (2) √ (8) 22 (11) 17 (3) 
Eclipse® 5 g+ MCPA LVE 0.5 L 
(Metosulam + MCPA) 
Z13-Z14 – √ (2) – – √ (2) √ (2) √ (2) – √ (5) √ (3) 
Lontrel® 300 0.3 L (Clopyralid) Z13-Z14 – – – – √ (2) – – – √ (2) – 
Diuron 0.375 L + MCPA 0.5 L 
(Diuron + MCPA)  
Z13-Z14 √ (7) – 16 (7) √ (10) – – – √ (9) √ (3) – 
Diuron 0.5 L + 2,4-D (amine) 0.25 L 
(Diuron + 2,4-D) 
Z13-Z14 – – – √ (3) √ (5) – – √ (2) √ (5) – 
Glean® 3 g+ Ally® 3 g+ MCPA 0.3 L 
(Chlorsulfuron + Metsulfuron + MCPA) 
Z13-Z14 – – – √ (3) – – – √ (2) √ (3) – 
MCPA (amine) 500 1.25 L (MCPA) Z15-Z16 – – – √ (5) 18 (3) – – √ (4) √ (3) – 
MCPA (amine) 500 2 L (MCPA) Z15-Z16 – √ (2) – – √ (2) 18 (2) √ (2) – √ (5) √ (3) 
2,4-D Amine 500 1 L (2,4-D) Z15-Z16 √ (2) – √ (3) √ (7) √ (3) – – 11-35 (6) √ (3) – 
2,4-D Amine 625 1.3 L (2,4-D) Z15-Z16 – √ (2) – – √ (2) 19 (2) √ (2) – √ (5) √ (3) 
2,4-D LV Ester 600 (2,4-D) Z15-Z16 – – – 39 (2) – – – 41 (2) – – 
Kamba® 500 0.28 L (Dicamba) Z15-Z16 – – – √ (3) √ (3) – – 32 (2) 29 (3) – 
The names in the parenthesis are the chemical names.  A = Buntine, B = Esperance (Fleming gravely sand, pH-4.5 Cacl2), C = Katanning (Duplex sandy loam, pH-5.2), D = Merredin (Clay 
loam/loam, pH-5.1-5.3), E = Mullewa (Sandy loam/red loam, pH-4.6-6.4) and F = Newdegate (Duplex sand over clay, pH-4.1). 
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A. Some comments regarding safe use of herbicides: 
• When using trifluralin, Yield®, Stomp® and Avadex®, ensure sown seed is placed below the 
herbicide treated soil band; otherwise severe root retardation may result.  Surface crusting may 
exacerbate emergence problems.  Old seed with reduced vigour, varieties with short coleoptiles, 
and seed dressings that reduce coleoptile length should be avoided.  If sowing with knife points, 
and using higher label rates, avoid treated soil being thrown, blown or washed into the furrows. 
• Diuron 1.0 L + Dual® (Metolachlor 720 g/L) 0.5 L/ha have been recorded to cause crop damage 
more often on lighter than on heavier soil types.  If using knife point and press wheels, pre-plant 
application is recommended (0-7 days) as knife points leave open furrows/slots which can lead 
to crop damage if herbicide is washed into the furrows.  If using a ’Full Cut‘ seeding system that 
leaves a relatively smooth surface, this mixture can be applied post plant pre-emergent within 
three to four days of planting. 
• Metribuzin 150 g ai/ha is registered as a pre-emergent herbicide for the wheat variety EGA 
Eagle Rock.  To achieve good control of annual ryegrass and barley grass Treflan® 480 at 
1.0 L/ha can also be mixed with the recommended rated of metribuzin.  Trial work has indicated 
that a two way mix of metribuzin 150 g ai/ha (e.g. Lexone® 200 g/ha) with Diuron® 1.0 L or 
Stomp® 330E 1.8 L, or three way mix with Diuron 1.0 L and Dual Gold 250 mL/ha, is safe on 
this variety.  Any weed escapes after metribuzin use, especially brome grass, could possibly be 
controlled/suppressed, by application of Monza® @ 25 g/ha at 2-3 leaf or Atlantis® @ 
330 mL/ha at 3-4 leaf stage of the crop.  Do not use metribuzin (alone or in mixture with other 
herbicides) on other wheat varieties (e.g. Carnamah), as large yield reductions have been 
recorded in the trials.  Moreover metribuzin is registered for use on EGA Eagle Rock and Blade 
only.  
• Where marginal zinc and copper deficiency conditions exist, Glean® and Logran® may 
exacerbate such deficiencies. 
B. Safe timings for phenoxy herbicides’ application: 
MCPA, 2,4-D and dicamba are the main phenoxy herbicides used in wheat.  Wheat tolerance to these 
herbicides depends on the stage of ear development.  Wheat is most sensitive to these herbicides at 
the double ridge/floral initiation stage of ear development.  Spraying advice is based on leaf and tiller 
development, but not all varieties have the same correlation between leaf/tiller and ear development.  
Thus different varieties become safe to spray at slightly different growth stages.  Long season varieties 
take longer to reach the safe stage. 
To use higher rates of MCPA amine (2.0 L/ha) and 2,4-D amine-625 (1.3 L/ha) in Wyalkatchem, 
Westonia, Amery, Tincurrin, Kulin apply these herbicides at Z15-Z16 (five to six leaves on the main 
stem).  For EGA Eagle Rock, Carnamah, Camm, Brookton, Karlgarin and Cranbrook apply at Z16-Z17 
and on Calingiri and Spear apply at Z17-Z18.  At these stages floral initiation will be completed in the 
above varieties. 
In addition, if plants are under severe water stress, the internal development can also be delayed by 
about one leaf.  Again, add one leaf to those leaf numbers mentioned above for the different varieties, 
to allow for this. 
Do not apply these phenoxy herbicides between flag leaf emergence and the soft dough stage on any 
variety.  Generally MCPA amine is safer than 2,4-D amine, especially on later developing varieties. 
Dicamba (and mixtures with 2,4-D or MCPA) should be applied not later than Zadoks stage 30 
(pseudo-stem elongation, but first node not yet above soil surface). 
C. Waterlogging and crop safety 
A number of products, including Group A and B herbicides, are tolerated by wheat because they are 
metabolised within the seedling.  If a seedling’s growth is retarded by waterlogging, cold or any other 
factor, its metabolism is reduced, and toxic levels of herbicide can accumulate within the plant.  There 
were many cases of such damage in 1999. 
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There have also been many examples of trifluralin reducing emergence where the paddocks were 
waterlogged.  It is suspected that this was due to increased uptake by the coleoptile from the wet soil.  
If there is any chance of extreme waterlogging just after seeding, crop damage is more likely.  In areas 
where this is likely to occur, safer products or post-emergent spraying, are recommended. 
KEY WORDS 
wheat, herbicide, tolerance, grain yield 
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Herbicide tolerance of new oat varieties 
Harmohinder Dhammu1, Research Officer, Vince Lambert2 and Chris Roberts1, 
Technical Officers, Department of Agriculture and Food, Western Australia;  
1Northam and 2Katanning 
KEY MESSAGES 
• The oat varieties – Kojonup, Mitika and Wandering showed good tolerance to a range of 
commonly used herbicides/mixtures. 
• Mitika showed sensitivity to Paragon® and 2,4-D LV ester, Kojonup also to 2,4-D LV ester and 
Wandering to dicamba. 
• Precept® − a new herbicide was tolerated well by all the varieties. 
• The unregistered herbicides in oats Triflur® X, Stomp® and Boxer® Gold (lower rate) were 
tolerated well by all the named varieties. 
Note: It is emphasised here that one should always follow herbicide label recommendations.  The 
Department of Agriculture and Food does not endorse the use of herbicides above the 
registered rate or off-label use of herbicides or off-label tank mixes.  Crop tolerance and yield 
responses to herbicides are strongly influenced by seasonal conditions.  Rates of unregistered 
herbicides or off label herbicides tested in this experiment have been purposely omitted. 
AIM 
To evaluate the herbicide tolerance of recently released and potential new oat varieties. 
METHOD 
A field trial was laid out in criss-cross design under weed free conditions at GSARI Katanning in which 
four named oat varieties (Kojonup, Mitika, Wandering and Saia) and three potential new varieties 
(WAOAT2231, WAOAT2227, SV97001-13-4) were sown on 26 June 2007 on a loamy soil (CaCl2 
measured pH 5.1) with three replications.  Three main named varieties (Kojonup, Mitika and 
Wandering) were sown 3 cm deep in 10 m wide parallel randomised strips at 75 kg/ha seed rate using 
a combine 753 with knife points and press wheels.  The potential new varieties along with Saia oats 
(randomised) were sown adjacent to the named varieties’ trial in 1.44 m wide parallel strips also at 
75 kg/ha seed rate using a cone seeder with knife points and press wheels.  Agstar Extra at 90 kg/ha 
was applied with the seed.  
A range of herbicide treatments (Table 1) were applied randomly in three meter wide strips across all 
the variety strips before crop seeding (26 June), at 2-3 leaf stage (26 July), 3-4 leaf stage (2 August), 
5-6 leaf stage (22 August) and after crop anthesis (10 October).  Every 11th plot was kept as an 
untreated control to assess the spatial variability.  At the time of pre-emergent herbicide treatments 
application (26 June), gravimetric soil moisture content at 0-10 and 10-20 cm depth was 10 and 7%, 
respectively.  To determine the effect of pre-emergent herbicide treatments (selected only) on plant 
density/plant tillers, the oat plant heads of the three main named varieties were counted from two 
randomly selected 25 cm x 25 cm quadrates per plot (8 November).  The oat varieties were also 
assessed for visual injury in terms of leaf spotting, yellowing, height and biomass reduction at two to 
four weeks after each treatment application and again at heading stage using a 0 to 100% scale, 
where 0 = no visible injury and 100 = complete plant death (16 August, 26 September and 
8 November).  In early September, manganese deficiency was observed across all the varieties, so 
Mantrac® at 0.5 L/ha was applied on 6 September.  A low density of wild radish was managed by 
hand weeding (5 and 6 September and 2 and 3 October).  The plants of WAOAT2231, WAOAT2227, 
SV97001-13-4, Saia and Wandering (reference variety) were assessed for hay yield by cutting at the 
ground level from a 1.44 m X 1 m quadrat at soft to hard dough stage and oven drying at 60°C for 72 
hours.  Three varieties − Kojonup, Mitika and Wandering were taken to maturity and harvested on 
11 December.  The net plot size for Kojonup and Mitika was 10.4 m X 1.8 m, whereas for Wandering it 
was 7.9 m X 1.8 m. 
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Total rainfall from June to December at Katanning was 333.6 mm.  The monthly distribution of the 
rainfall from June-October was quite uniform and highest rainfall during this period was in July (26%). 
As label rates of Dual® Gold (either alone in mixture with other herbicides) provide relatively poor 
weed control, higher than label rates of this products was evaluated to determine if label rates could 
be revised for more effective weed control in oats.  
RESULTS AND DISCUSSION 
The effect of registered herbicides (in oats) during early crop growth, at heading stage and on grain 
yield (Table 1) and hay yield (Table 2) of oat varieties was as follows: 
• Dual® Gold either alone or in mixture with diuron at the rates tested was tolerated well by all the 
named and potential new varieties and the results are consistent with the previous trial results.  
• Jaguar®, Tigrex®, Paragon® and Affinity® + MCPA caused slight to moderate leaf spotting 
across all the varieties.  The intensity of symptoms was greater with Paragon® (at Z13-Z14) 
than other the herbicides.  Grain and hay yields were not affected, except for Paragon® 
0.5 L/ha at Z15-Z16 which caused a significant reduction in Mitika grain yield.  Paragon® use is 
not registered in oats at earlier timing (Z13-Z14).  
• Broadstrike® and Glean®caused an estimated 20% biomass reduction in all the varieties during 
early crop growth stages.  Broadstrike® also caused moderate yellowing across all the 
varieties.  These negative effects decreased with advancement in crop growth and there was no 
significant grain and hay yield reduction in any of the oat varieties. 
• 2, 4-D LV ester 0.8 L/ha caused significant yield (grain) reduction in Kojonup and Mitika and 
Kamba® 0.4 L/ha had the same effect in Wandering.  2, 4-D ester (800) 0.7 L/ha and Kamba® 
0.5 L/ha at Z15-Z16 also caused significant grain yield reduction across all the varieties during 
2006.  Interestingly MCPA amine and 2, 4-D LV ester resulted in an estimated 20% 
biomass/height reduction in Saia oats four weeks after their application, but this negative effect 
was not reflected in the hay yield of this variety.  
• Precept® is a new herbicide for broadleaf weed control in wheat, barley, oats, triticale and 
cereal rye.  It is a mixture of pyrasulfotole (Group F) and MCPA LVE (Group I) and is similar to 
Tigrex® with a different sub group of Group F.  All the oat varieties showed good tolerance to 
Precept®. 
The effect of unregistered herbicides (in oats) during early crop growth, at heading stage and on 
grain yield (Table 1) and hay yield (Table 2) of oat varieties was as follows: 
• Triflur® X and Stomp® at the rates tested did not have any negative effect on growth and 
development, number of heads and grain yield of Kojonup, Mitika and Wandering.  These 
finding are in line with the 2006 trial results.  
• Boxer® Gold at the highest rate tested resulted in significant reduction in Mitika grain yield 
which is in contrast with the 2006 season results. 
• Triflur® X, Stomp® and Dual® Gold at the highest rates tested resulted in poor crop 
establishment/biomass reduction (10-20% estimated on 16 August) of the potential new 
varieties and Saia oats.  The main named varieties were not affected in the same way.  This 
could be due to slightly shallower seeding of potential new varieties (and Saia oats) with a cone 
seeder than the main named varieties with a combine.  However, there was no significant 
negative effect on hay yield of the potential new varieties and Saia oats with these treatments.  
Good crop growing conditions at Katanning last year might have supported some compensatory 
growth (e.g. more tillers) in these treatments to produce hay yield similar to untreated control 
plots. 
• Logran® and Eclipse® applied at Z69 (anthesis completed) were found safe on all the oat 
varieties, but these herbicides are not registered for such a late application in cereals/oats.  
KEY WORDS 
oats, herbicide, tolerance, grain yield, hay yield 
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Table 1. Effect of herbicides on grain yield (% of untreated control) of oat varieties at Katanning during 
2007 (07NO28) 
No. Herbicides (rate/ha) Timing Kojonup Mitika Wandering
0 Untreated control 







1 *Triflur® X Lower rate Before 102 103 97 
2 *Triflur® X Higher rate seeding 101 98 99 
3 *Stomp® 330 Lower rate " 106 104 115 
4 *Stomp® 330 Higher rate " 97 102 99 
5 †Dual® Gold Lower rate " 102 103 99 
6 †Dual® Gold Higher rate " 101 110 106 
7 †Diuron " 107 99 100 
8 †Diuron + Dual® Gold " 91 95 100 
9 *Boxer® Gold Lower rate " 105 100 104 
10 *Boxer®Gold Higher rate " 96 91 96 
11 Glean® 20 g + BS1000 0.1% Z12-Z13 98 97 95 
12 Jaguar® 1 L " 105 98 100 
13 Tigrex® 1 L Z13-Z14 108 101 100 
14 ♣Paragon® " 103 107 102 
15 Precept® 1 L + Hasten 1% " 97 110 104 
16 Buctril® MA 1.4 L " 91 96 93 
17 Diuron 0.5 L + MCPA (amine) 500 0.5 L " 98 95 97 
18 Eclipse®5 g + MCPA LVE 500 0.5 L " 96 110 107 
19 Affinity® 50 g + MCPA amine 500 0.5 L " 99 94 96 
20 Broadstrike® 25 g + Uptake® oil 0.5% " 100 105 100 
21 Paragon® 0.5 L Z15-Z16 93 89 92 
22 MCPA amine 500 2 L " 90 102 102 
23 2,4-D (amine) 625 1.3 L " 94 103 102 
24 2,4-D LV ester (xtra) 0.8 L " 83 91 94 
25 Kamba® 500 (dicamba) 0.4 L " 95 98 91 
26 ♣Logran® + Uptake® oil Z69+ (after 108 104 109 
27 ♣Eclipse® + Uptake® oil anthesis) 95 92 95 
lsd (0.05) Herbicides v/s untreated control 12 9 9 
lsd (0.05) Herbicides v/s Herbicides 15 12 12 
CV (%) 11 9 9 
Treatment 18 applied with Uptake® oil 0.5%. 
* Not registered for use in oats in WA, consequently the application rates of these herbicides have been 
purposely omitted. 
† Applied at higher than the label rates, consequently the application rates of these herbicides have been 
purposely omitted. 
♣ Not registered for use in oats in WA at this crop growth stage. 
Figures in bold are significantly lower yielding than the untreated control.  
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Table 2. Effect of herbicides on hay yield (% of untreated control) of oat varieties at Katanning during 
2007 (07NO28) 





0 Untreated control 











1 *Triflur® X Lower rate 91 103 104 109 94 
2 *Triflur® X Higher rate 92 104 104 107 97 
3 *Stomp® 330 Lower rate 105 109 101 115 100 
4 *Stomp® 330 Higher rate 89 97 91 97 107 
5 †Dual® Gold Lower rate 90 94 103 112 105 
6 †Dual® Gold  Higher rate 94 93 114 106 107 
7 †Diuron 102 102 106 119 99 
8 †Diuron + Dual® Gold 108 109 107 125 115 
9 *Boxer® Gold Lower rate 93 112 101 103 103 
10 *Boxer®Gold Higher rate 91 99 108 113 106 
11 Glean® 20 g + BS1000 0.1% 94 112 105 104 107 
12 Jaguar® 1 L 102 113 112 102 116 
13 Tigrex® 1 L 106 108 111 129 114 
14 ♣Paragon® 112 105 101 100 100 
15 Precept® 1 L + Hasten 1%  100 113 103 111 111 
16 Buctril® MA 1.4 L 97 101 105 109 103 
17 Diuron 0.5 L + MCPA (amine) 500 0.5 L 93 116 92 120 105 
18 Eclipse®5 g + MCPA LVE 500 0.5 L 93 108 108 108 113 
19 Affinity® 50 g + MCPA amine 500 0.5 L 86 105 109 106 104 
20 Broadstrike® 25 g + Uptake® oil 0.5% 101 98 96 115 102 
21 Paragon® 0.5 L 87 101 91 116 104 
22 MCPA amine 500 2 L 98 105 102 111 104 
23 2,4-D (amine) 625 1.3 L 90 110 92 122 104 
24 2,4-D LV ester (xtra) 0.8 L 98 112 101 126 107 
25 Kamba® 500 (dicamba) 0.4 L 100 99 106 118 114 
26 ♣Logran® + Uptake® oil 113 111 107 116 114 
27 ♣Eclipse® + Uptake® oil 117 93 90 105 96 
lsd (0.05) Herbicides v/s untreated control 15 13 13 14 13 
lsd (0.05) Herbicides v/s Herbicides 19 16 16 18 16 
CV (%) 14 11 12 12 12 
Treatments 1-13 applied before seeding, 14-15 at Z12-Z13, 16-23 at Z13-Z14, 24-28 at Z15-Z16 and 29-30 at 
Z69+ (after crop anthesis).  Treatment 18 applied with Uptake® oil 0.5%. 
* Not registered for use in oats in WA, consequently the application rates of these herbicides have been 
purposely omitted. 
† Applied at higher than the label rates, consequently the application rates of these herbicides have been 
purposely omitted. 
♣ Not registered for use in oats in WA at this crop growth stage. 
Figures in bold are significantly lower yielding than the untreated control. 
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Herbicide tolerance of saltbush and bluebush 
Lorinda Hunt1,2, John Borger1,3, Meir Altman1,4 and Dr Ed Barrett-Lennard1,4, 
Department of Agriculture and Food, Western Australia, Centre for Ecohydrology1, 
Three Springs2, Northam3, University of Western Australia and Future Farm Industries 
CRC4 
KEY MESSAGES 
• There are no registered herbicide products for use in saltland pasture systems. 
• There is a reasonable likelihood of finding a suitable pre-emergent grass herbicide for direct 
seeded saltbush and bluebush. 
• Because saltbush/bluebush seed is small, and needs to be sown at or near the soil surface, it is 
unlikely a common pre-emergent broadleaf herbicide will be found for direct seeded saltbush 
and bluebush. 
• Some broadleaf herbicides, including dicamba, 2,4-D amine, atrazine, diuron and Igran®, cause 
severe damage to mature bluebush.  
AIMS 
To find safe herbicide options for use in saltland pasture systems wherein a farmer can maintain the 
productive capacity of his saltland by controlling his weeds.  Trials also aim to explore weed control 
options that allow for the direct seeding of saltbush/bluebush.   
BACKGROUND 
One of the major constraints to the widespread adoption of saltbush-based saltland pastures has been 
the lack of cheap and reliable methods for establishing saltbush by seed.  Establishment using the 
Niche seeder or planting seedlings has been either too expensive, time consuming, or unreliable.  By 
removing bracteoles and priming the seed in water or dilute solutions of plant growth regulators 
(gibberellic acid, kinetin and salicylic acid), improved saltbush establishment has been demonstrated. 
The saltbush/bluebush seed is small however, and contains little stored energy. This can result in poor 
seedling vigour when germinating.  Weed competition therefore becomes a major limitation for the 
success of the ’Niche’ seeding technology.  Weeds can exacerbate moisture deficiencies, which in an 
already osmotically challenging (saline) environment can be a critical factor. 
Developing good weed control, and good agronomic systems in saltland will increase productivity on 
the salt land itself.  However in a climate of increased grain prices, the increased benefits may also 
extend to allowing a farmer to crop more of his best land classes while maintaining his sheep on less 
severely affected salt land. 
It is suspected that some mild saltland would be far more productive if existing slender iceplant 
monocultures could be controlled to allow for medics and grasses.  Herbicide options exist to control 
slender iceplant in cereal, lupin and canola crops.  However these herbicides do not cater for pasture 
situations, nor is it known if they are safe to use over saltbush and bluebush. 
To improve the establishment and maintain profitable saltland pastures, a range of agronomic tools 
must be developed.  
The purpose of this herbicide tolerance work is three fold, and includes: 
a) Developing weed control regimes suitable for establishing bluebush and saltbush by seed. 
b) Developing weed control regimes suitable for establishing bluebush and saltbush by seedlings. 
c) Developing weed management options for established saltland pasture systems. 
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TRIAL 1:  METHODS 
Pre-emergent Herbicide Tolerance of germinating Oldman saltbush (Atriplex 
nummularia), River saltbush (Atriplex amnicola) and Small Leaf bluebush (Maireana 
brevifolia) 
A field trial site was selected on fresh soil suitable for cropping.  Three metre wide herbicide 
treatments were sprayed in a random block design x 3 replicates.  The three halophyte shrubs were 
sown by seed in 9 m wide strips, in a randomised strip plot design for each replicate, perpendicular to 
the herbicide treatments.  Herbicide treatments to be incorporated by sowing were sprayed before 
sowing, and all other treatments were sprayed onto the soil surface after sowing.  The trial was 
established on 3 July 2007.  Plant counts were collected in November 2007.  
A further glasshouse pot trial used Gingin Red Sand (5% clay).  Fifty seeds of Oldman saltbush and 
50 seeds of River saltbush were sown into each pot.  All seeds had their bracteoles removed and were 
checked for viable embryos.  River saltbush seed was treated with gibberelic acid.  Herbicide 
treatments were incorporated into the top 25 mm before sowing seeds, followed by a sprinkle of sand 
to cover.  All other treatments were sown with a sprinkle of sand on top, before spraying.  Pots were 
repositioned daily according to randomisation protocols.  Germinated seedlings were counted. 
RESULTS  
Site 1:  Field trial, Ian Tubby – Gutha, Western Australia 
Table 1. Summary of herbicide effects on germinating Oldman saltbush, River saltbush and Small Leaf 
bluebush, as a percentage of the number of plants germinating in the control plots.  





















D 2 L Pendimethalin (330 g/L) *  77% 1 76% 1 84% 1 3 13.00 
D 1 L Trifluralin (480 g/L) * 72% 2 73% 2 82% 2 4 5.94 
J 1 kg 2,2-DPA (740 g/kg) * 66% 3 56% 4 48% 4 11 11.48 
D 2 L Trifluralin (480 g/L) *  35% 7 51% 5 52% 3 15 11.88 
D 1 L Pendimethalin (330 g/L) * 42% 6 40% 6 37% 5 17 6.50 
C 2 L Simazine (500 g/L) 34% 8 68% 3 29% 6 17 11.54 
K 500 mL S-Metolachlor (960 g/L)  61% 4 36% 7 19% 7 18 13.47 
J 2 kg 2,2-DPA (740 g/kg) *  55% 5 15% 9 18% 8 22 22.96 
K 750 mL Propyzamide (500 g/L)  15% 9 18% 8 16% 9 26 33.00 
K 1500 mL Propyzamide (500 g/L) 4% 10 7% 10 5% 10 30 66.00 
B 25 g Flumetsulam (800 g/kg)  3% 11 7% 10 0% 11 32 16.80 
C 15 g Chlorsulfuron (750 g/kg) 0% 12 0% 12 0% 11 35 1.15 
* Herbicide treatments incorporated by sowing (IBS). 
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Site 2:  Glasshouse pot trial – University of Western Australia 
Table 2. Summary of herbicide effects on germinating Oldman and River saltbush germination as a 
percentage of the number of plants germinating in the control pots.  Herbicides were ranked 



















J 2 kg 2,2 DPA (Propon®) (740 g/kg) 100% 1 34% 2 3 22.96 
J 250 mL Oxyfluorfen (Goal®) (240 g/L) 56% 2 36% 1 3 8.25 
D 1 L Trifluralin (480 g/L)* 47% 4 25% 4 8 5.94 
D 2 L Oryzalin (Surflan®) (500 g/L)* 41% 6 33% 3 9 162.8 
D 1 L Oryzalin (Surflan®) (500 g/L)* 47% 3 17% 7 10 81.40 
J 4 kg 2,2 DPA (Propon®) (740 g/kg) 43% 5 19% 6 11 45.92 
G 500 mL Oxyfluorfen (Goal®) (240 g/L) 31% 8 20% 5 13 16.50 
D 2 L Trifluralin (480 g/L)* 36% 7 9% 8 15 11.88 
B 25 g Flumetsulam (Broadstrike®) (800 g/kg) 9% 10 8% 9 19 16.80 
D 1 L Pendimethalin (Stomp®) (330 g/L)* 9% 9 0% 11 20 6.50 
K 1 L S-Metolachlor (Dual Gold®) (960 g/L)* 0% 11 3% 10 21 13.47 
K 1.5 kg Propyzamide (Kerb® (800 g/kg)* 0% 11 0% 11 22 66.00 
D 2 L Pendimethalin (Stomp®) (330 g/L)* 0% 11 0% 11 22 13.00 
* Herbicide treatments incorporated by sowing (IBS). 
TRIAL 2:  METHOD 
Trial 2:  Post-emergent herbicide tolerance of small leaf bluebush 
A well established mature bluebush stand near Gutha, Western Australia, was selected for this trial.  
The herbicide treatments were established in an area where the bluebush appeared dense and most 
uniform in distribution.  The bluebush was grazed over summer, and had recovered with new growth 
by August. 
Herbicide treatments were sprayed on the 28 August 2007 in a random block design, 3 m x 40 m 
strips x 3 replicates.  All treatments were sprayed with 1% BS1000 wetter.  The site was hot and dry at 
the time of spraying.  Only 10 mm rain was received at this site, two months later.  Compared to the 
control strips, per cent leaf biomass reduction was estimated for each treatment. 
RESULTS 
Table 3. Herbicide damage of mature bluebush, as a percentage of biomass reduction, compared to 
the control plot, visually rated on 19 October 2007 





B 5 g Metsulfuron-Methyl (600 g/kg) Ally® 3% 0.55 
B 15 g Chlorsulfuron (750 g/kg) Glean® 8% 1.05 
B 25 g Triasulfuron (750 g/kg) Logran® 8% 2.75 
B 7 g Metosulam (750 g/kg) Eclipse® 5% 8.33 
B 25 g Flumetsulam (800 g/kg) Broadstrike® 0% 16.80 
C 1 L Atrazine (500 g/L) Atrazine 70% 5.88 
C 2 L Simazine (500 g/L) Simazine 36% 11.54 
C 800 mL Terbutryn (500 g/L) Igran® 60% 17.60 
C 1 L Diuron (500 g/L) Diuron 95% 8.66 
D 2 L Pendimethalin (330 g/L) Stomp® 15% 13.00 
F 250 mL Diflufenican (500 g/L) Brodal® 5% 18.00 
G 500 mL Oxyfluorfen (240 g/L)  Goal® 8% 16.50 
I 800 mL 2,4-D amine (625 g/L)  Amicide® 100% 4.67 
I 320 mL Dicamba (500 g/L) Kamba® 98% 11.54 
I 300 mL Clopyralid (330 g/L) Lontrel® 5% 16.50 
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COMMENTS 
a) Developing weed control regimes suitable for establishing bluebush and 
saltbush by seed 
Tables 1 and 2 indicate varying trial results between the glasshouse pots and the field situation.  
Herbicides were generally more damaging in the pots compared to similar treatments used in the field.  
This may be due to low soil clay and organic matter content in the pots and possibly also reduced 
herbicide activation in the drought affected field trial. 
Overall trial results indicate that Goal®, trifluralin and 2,2-DPA, could possibly be used when 
germinating Oldman and River saltbush.  These could be useful for controlling grasses and Goal® 
would also be useful for controlling slender iceplant.  There is reasonable likelihood of developing and 
registering, pre-emergent grass controlling herbicides in germinating saltbush.  Tables 1 and 2 have 
indicated a possible fit for Goal®, trifluralin and 2,2-DPA. 
Stomp® at 2 L/ha ranked highest in the field trial, and could be useful for controlling ryegrass and 
slender iceplant, while germinating saltbush.  Pot trials indicated that Stomp® at 2 L/ha was actually 
damaging.  Data in Tables 1 and 2 represent only one trial, thus none of the herbicides mentioned are 
recommended, nor are any herbicides registered for this use.  
These trials would however suggest that the likelihood of finding a common pre-emergent herbicide 
option to control broadleaf weeds is slim.  Simazine, Kerb®, Broadstrike® and Glean® were all 
damaging to germinating saltbushes.  Common pre-emergent, broadleaf herbicides, are known to be 
generally damaging to most broadleaf plants, even in the crops for which they are registered.  
Tolerances to these herbicides are generally a factor of high seed starch reserves, strategic seed 
placement or escape mechanisms (tap roots).  Saltbush seeds are small and must be sown near the 
surface. 
Common annual grasses and agricultural broadleafs (ryegrass, capeweed, medic and double gee) 
would not be expected to germinate after mid July (assuming an average break).  Standard farmer 
practice of ’pasture topping‘ the paddock at or before flowering in the previous year, followed by one or 
more knock down applications around the seasons break, remain the best practice if a farmer is 
considering the direct sowing of saltbush seed. 
b) Developing weed control regimes suitable for establishing bluebush and 
saltbush by seedlings 
Dry seasonal conditions, prevented trials from going ahead on young halophyte seedlings.  The 
results presented in Table 3 are from herbicide treatments over well established, mature bluebush.  
Results from Table 3 could indicate that a wide range of broadleaf herbicide options should be trialled 
for the planted halophyte seedlings.  Stomp® at 2 L/ha would appear promising as a grass and 
slender iceplant control, as would Goal® at up to 500 mL/ha.  Broadstrike® at 25 g/ha also appeared 
to be well tolerated by mature bluebush, however further work is required here. 
c) Developing weed management options for established saltland pasture 
systems 
As mentioned above, a wide range of herbicide options may exist for safe use on mature halophyte 
forage shrubs.  From only one trial, Table 3 results would indicate Ally®, Glean®, Logran® may be 
safe to use on mature bluebush. These herbicides would be useful for a wide range of weeds 
including slender iceplant.  However caution should be taken, as SU products are known ’root pruners‘ 
and are not registered for this use.  
Brodal® and Broadstrike® would also be useful in controlling slender iceplant in bluebush, but best 
control is achieved if they are used before iceplant emergence.  Broadstrike® is perhaps the most 
exciting herbicide option as it appears to also reduce roly poly (Salsola spp.) pre-emergent.  
Broadstrike® is registered for post-emergent control of a range of broad leaved weeds including 
doublegee.  
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The commonly used broadleaf herbicides such as dicamba, 2,4-D amine, atrazine, diuron and Igran®, 
cause severe damage to well established, mature bluebush.   
CONCLUSION 
• Standard farmer practice of ’pasture topping‘ in the previous year, followed by a knock down 
around the seasons break, remain the best practice before sowing saltbush or bluebush by 
seed.  
• Current work suggests trifluralin, Stomp®, Goal® and 2,2-DPA may be future options for weed 
control while sowing saltbush and bluebush by seed. More work is required. 
• Post-emergent herbicide tolerance of Oldman and River saltbush remains unknown. 
• Dicamba, 2,4-D amine, atrazine, diuron and Igran® cause severe damage to mature bluebush.  
More work is required to determine the tolerance of other saltland species. 
• Stomp®, Goal® and Broadstrike® will be further trialled as possible control herbicides for 
slender iceplant in the inter-rows of established saltbush systems, allowing for legume pastures 
to regenerate or be sown. 
• There are no herbicides currently registered for weed control in bluebush or saltbush.  Further 
trial work is required to obtain herbicide registrations. 
KEY WORDS 
Oldman saltbush, River saltbush, small leaf bluebush, herbicide tolerance 
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A review of 2,4-D formulations and vapour drift 
John H. Moore, Department of Agriculture and Food, Western Australia, Albany 
KEY MESSAGES 
2,4-D high volatile esters (HVE) were suspended by APVMA (the Australian pesticides regulatory 
body) in 2005 following concerns raised by the Department of Heritage and Environment about wide 
scale effects on the environment from vapour drift.  
There is no significant evidence to support the claim of widespread environmental damage caused by 
2,4-D vapours from agricultural spraying and localised damage is caused mainly by droplet drift. 
Grow some tomatoes in the bush during the 2,4-D ester spraying season.  Record the details of 
location and spraying and send them (or some photos) to me so hormone damage scoring can be 
done and I will pass this information on to those reviewing the status of 2,4-D HVE’s.   
INTRODUCTION 
2,4-D high volatile esters (HVE) were suspended by the Australian Pesticides and Veterinary 
Medicines Authority (APVMA, the Australian pesticides regulatory body) in 2005 following concerns 
about effects on the environment from vapour drift.  In WA, CBH has a permit to allow use this year. 
2,4-D was first marketed as a herbicide around 1947 and over the last 60 years has been applied to 
many millions of hectares in countless situations.  Many formulations have been marketed with varying 
degrees of volatility and effectiveness.  Ethyl, butyl and isobutyl esters of 2,4-D are classified by the 
APVMA as high volatile esters (HVE) and ethylhexyl ester as low volatile ester (LVE).  There are 
27 HVE, 6 LVE and 89 other 2,4-D based products registered in Australia. 
2,4-D can cause distinctive symptoms in plants at low concentrations and detection of these 
symptoms has led to a range of conditions being prescribed for its use.  In WA, buffer zone sizes are 
based on volatility of the formulation.  2,4-D HVEs have been banned in a number of countries due to 
concerns about 2,4-D affecting broad leaved crops and vines. 
Drift in small droplets following spraying and vapour are the two main routes for volatile formulations of 
2,4-D leaving the site of application and affecting adjacent species.  Droplet drift can be reasonably 
controlled by specifying droplet sizes produced by the sprayer and weather conditions.  Vapour drift is 
generally considered more elusive and consequently high volatile products are scrutinised more 
closely.  Droplet drift is considerably easier to study than vapour drift.  With droplet drift, damage is a 
function of the number of droplets impacting on the plant multiplied by the concentration of herbicide in 
the droplet.  With vapour drift, damage is a function of the concentration of vapour, the time of 
exposure and the uptake of the herbicide from the vapour phase, all of which are difficult to measure 
under field conditions. 
This paper reviews the evidence for off target damage especially from vapour drift, its likely 
consequences and the probability of occurrence.  
METHOD 
The literature was surveyed and local environmental field officers were asked if they had seen 
environmental damage from 2,4-D or spraying. 
The units used in various studies vary considerably and are often a source of confusion.  In this paper 
all vapour pressures have been converted to millimetres of mercury (mm Hg), all rates are quoted as 
grams acid equivalent (gae) and all vapour concentrations as micrograms per cubic metre (ug m-3).  
The units used in the original texts are shown in brackets if they are different. 
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RESULTS AND DISCUSSION 
Environmental field officers reported occasional damage to bush adjacent to sprayed paddocks and 
roadsides probably due to herbicide spraying.  The damage was usually temporary and no long term 
effects were apparent.  No damage due to drift had been noted more than 100 m from sprayed areas.  
Hormone damage to seedlings has been reported from farm tree nurseries which affects the saleability 
of the stock rather than its survival.  
Volatility 
The term ’high volatile‘ in relation to 2,4-D esters refers to their effects on plants by vapour rather than 
their physical volatility (Baskin and Walker 1953).  The vapour pressure of 2,4-D butyl ester (a HVE) is 
around 4.05 x 10-4 mm Hg compared to water at 17.54 mm Hg at 20°C.  Water is 43,000 times more 
volatile.  The vapour pressure of 2,4-D HVE is similar to liquid mercury.  LVE’s have a vapour pressure 
of less than 2 x 10-6 mm Hg at 20°C.  Mensink et al. 1995, classifies substances with vapour pressures 
of 7.5 X 10-6 to 7.5 X 10-3 mm Hg as slightly to moderately volatile and Guth et al. 2004 states that no 
noticeable volatility can be expected from compounds with a vapour pressure below 7.5 x 10-6 mm Hg 
from soil and 7.5 x 10-7 mm Hg from crops.  This indicates that HVE’s may volatilise following 
application. 
How much 2,4-D HVE is in the air as vapour under field conditions 
2,4-D has many commercial formulations.  The ethyl ester is the most volatile and the amines and 
salts are essentially non volatile from a biological perspective.  The saturated vapour pressures for 
esters that are reported in the literature are very variable.  A standard needs to be established. 
A summary of the significant levels of 2,4-D vapours detected in the air under field conditions is 
presented in Table 1.  There are many monitoring sites where none is recorded.  It is only on rare 
occasions that 2,4-D vapour levels approach the levels (e.g. > 5 ug m-3 for several hours) that could 
cause symptoms on sensitive species. 
Gilbey et al. (1984) in WA recorded maximum airborne concentrations of 2,4-D HVE of 0.031 ug/m-3 
over a weekly period in 1980 and 0.06 ug m-3 in 1979 in areas with no restrictions on spraying.  
Farwell, Robinson, Powell, and Adams 1976 report 1.7 ug m-3 as the maximum average concentration 
over 8 stations on 1 May 1974 in a USA study.  
Grover et al. (1972) has 61.2 – 64 mg m at 75 m downwind from spraying in Canada.  To convert this 
to more standard units of concentration the mixing height was assumed to be 2 m and the wind speed 
averaged over the three heights of sampling to give 9386 m per 30 min for exp 1 and 10890 m per 
30 min for exp 2.  Que Hee and Sutherland (1975)  report levels of 0.6 ug m-3 (600 ng m-3) in 
Saskatoon, 0.142 ug m-3 (142 ng m-3) at Naicam and very little at Rosetown in Canada. 
Vernetti and Freed (1962) has 2,4-D isopropyl ester in Oregon at 7250 ug m-3 (0.64 ppm) and butyl at 
trace levels in the air from wheat fields that had similar amounts of isopropyl and butyl applied and 
they quote 12,913 ug m-3 (1.2 ppm isopropyl) as the level to affect tomatoes.  This data is inconsistent 
with other reports.  However their air concentrations don’t exceed the their levels required for damage, 
which is consistent with other data. 
Gilbey et al. (1984) measured droplet drift and vapour movement concurrently following aerial spraying 
and is shown in Figure 2 together with the data fro Grover et al. (1972) and Vernetti and Freed (1964) 
at various distances from the sprayed area.  While it is difficult to directly compare droplets with vapour 
drift, what can be said, is that droplets are carrying about 10 times the no-effect-level (NOEL) quantity 
of herbicide 500 metres off site and symptoms on sensitive plants could be expected 1 km away under 
these conditions.  For vapour, the levels at the sprayed edge are only twice the NOEL and this 
concentration has to be maintained for several hours.  (So if there were a 5 km/hr wind and 5 ug m-3 
for two hours is required to give symptoms, then a block at least 10 km wide would need to be sprayed 
to detect damage.)  Figure 2 also shows the insignificant concentrations of vapours the day after 
spraying.  There have been no cases reported in the literature where damaging concentrations of 
2,4-D ester vapours occur more than a few hours after spraying despite the popular belief that vapours 
can cause unpredictable damage when the wind direction changes some time after spraying.  This 
belief probably has its roots in the observation that the smell in a sprayed paddock may persist for up 
to a week or more. 
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Table 1. Concentrations of 2,4-D HVE measured in the field 
Conc. ug m-3 Comments Place Reference 
0-0.06 1979 weekly Australia Gilbey et al. 84 
0-0.031 1980 weekly Australia Gilbey et al. 84 
7 1980 4 hours next to aerial spray Australia Gilbey et al. 84 
3.6 1980 4 hours and 500 m from aerial spray Australia Gilbey et al. 84 
2 4 hours and 1 km from aerial spray Australia Gilbey et al. 84 
0.012 Day after and next to aerial spray Australia Gilbey et al. 84 
0-0.003 1981 weekly Geraldton Australia Gilbey et al. 84 
0-0.005 1982 weekly Geraldton Australia Gilbey et al. 84 
Up to 0.25 if all HVE 
came in 5 hrs 
DEW estimated daily conc. based on Gilbey Australia Lee Steere 2007 
0.71 (all forms) 
0.32 HVE 
~ 0.1 vapour 
May 1973 (highest average daily 
concentration over 8 stations) 
USA 
Washington 
Farwell et al. 76 
0.8 (all forms) 
0.15 HVE 
~ 0.1 vapour 
June 1973 (highest average daily 
concentration over 8 stations) 
USA Farwell et al. 76 
0.93 HVE April 1974 (highest average concentration at 
Mabton) 
USA Farwell et al. 76 
0.84 HVE May 1974 (highest average concentration at 
Prosser) 
USA Farwell et al. 76 
0.85 HVE June 1974 (highest average concentration at 
Prosser) 
USA Farwell et al. 76 
2.02 est. Exp 1 from minute 3 to 30 at 0-12 m from 
spray 
Canada Grover et al. 72 
2.2 est. Exp 2 from minute 3 to 30 at 0-12 m from 
spray 
Canada Grover et al. 72 
11.2 est. (2 drift + 
9 vapour) 
Exp 2 for 3 min after spray at 0-12 m Canada Grover et al. 72 
0.0039 1989/90 Canada (No HVE applied) Max air 
concs.  Particles + gas. 
Canada Waite et al. 2002 
0.6 Saskatoon Canada Que Hee et al. 1975  
0.142 Naicam Canada Que Hee et al. 1975 
Very little Rosetown Canada Que Hee et al. 1975 
15.7 on one day Milton-Freewater butyl ester 1962.  Nineteen 
days none.  Two days unknown. 
USA Vernetti and Freed 1964 
11 At the edge of the aerial spray site. USA Vernetti and Freed 1964 
3.14 Washington USA Adams et al. 64 
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Figure 1. The concentration of 2,4-D ester in droplets or vapour form at various distances downwind 
from spraying.  (Vapour and droplet drift data from Gilbey et al. (1984).) 
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Species sensitivity to 2,4-D when applied as a liquid spray or droplet drift 
2,4-D HVE affects a large number of dicotyledon species and at least 112 are listed on labels for 
control at rates around 1000 gae/ha (Moore and Moore, 2007).  Tomato, Cotton and Lettuce are often 
used as test species because they show symptoms at rates around 1 g ae/ha as an overall spray.  
The no effect level (NOEL) for lettuce seedlings is 0.53 gae/ha.  Vegetative lettuce and tomatoes have 
a NOEL of 4 and 2.2 gae/ha respectively for the most active formulations tested which were isopropyl 
ester and diethylamine when applied as liquids (EPE, 2005).  Canola has a similar NOEL (Moore 
2008). 
Species sensitivity to 2,4-D HVE when applied as a vapour 
Various researchers have attempted to determine the levels of 2,4-D vapours that cause plant 
damage.  Tomatoes are about twice as sensitive as lettuces to vapour of 2,4-D acid and esters 
(Breeze and Rensburg, 1991).  When applied as vapour, Breeze and West (1987) had tomato 
symptoms occurring at 5 ug m-3 (ng L-1) for 2.5 hours and dry weight losses at 5 ug m-3 (ng L-1) for five 
hour exposures to 2,4-D butyl ester at 20°C.  The severity of symptoms and growth reduction was 
proportional to the time and concentration of exposure.  They estimate that 5 ug m-3 is about 20% of 
the saturated vapour pressure of 2,4-D butyl ester.  
Weigle et al. (1970) have 10 applications over 5 months of ~10 ug m-3 (1 ppb) applied for six hours to 
glass house grown beans, raspberries, tomatoes, strawberries and grapes.  These were compared to 
plants grown in ’ambient‘ air and ’charcoal filtered‘ air.  Tomatoes had higher early yields and lower 
late yields.  Grape yields from the ’2,4-D added‘ treatment were < 50% and grapes yields from the 
’ambient‘ air were < 75% of those from the ’charcoal filtered‘ environment.  The authors note that the 
area is marginal for grape production and no actual yields are given.  There were some effects on 
market quality of grapes, strawberries and tomatoes.  Vernetti and Freed (1962) reported 161 ug m-3 
for one week causing slight leaf curl and doubling in size on ‘Early Pack’ tomatoes a week after 
exposure and normal growth a week later.  323 ug m-3 for three days caused injury, but the plants 
recovered within a week but were smaller and distorted.  538 ug m-3 for three days caused permanent 
damage.  The ‘Pritchard’ variety tolerated 538 ug m-3 for three days with no permanent injury or 
7533 ug m-3 for one day.  A weeks exposure at 7533 ug m-3 killed both varieties.  They found the 
length of time of exposure is more important than concentration. 
On the Breeze and West (1987) data, tomatoes would need to be exposed for 8.6 days at the worst 
1979 concentrations or 16 days at the worst 1980 levels measured by Gilbey et al. (1984) near 
Geraldton, WA in order to reach the no effect level of exposure.  
Vernetti and Freed (1962) reported damaged to mustard plants 73 cm from a 15 cm dish of 2,4-D butyl 
ester.  This indicates the short range over which 2,4-D vapours are phytotoxic.  While it is of some 
benefit in controlling weeds that haven’t received a direct hit with a spray droplet, for example in 
stubble or dense stands, it is of little consequence to plants more than a few metres away.  Similarly, 
there appears to be little evidence for cumulative responses from low doses as Clore and Bruns 
(1953) have shown little cumulative injury from year to year on grapes sprayed at low concentrations. 
CONCLUSION 
There were surprisingly few substantiated cases of damage attributed to vapour movement despite 
speculation as it being a cause of off target damage and many references to it in the media and 
extension material.  Overall the movement of the volatile fraction of 2,4-D in damaging concentrations 
appears to be relatively localised and almost certainly within the zone that will be affected by droplet 
drift.  Very low concentrations will move many kilometres as vapour but there is no evidence that these 
concentrations are damaging to plants. 
KEY WORDS 
2,4-D, dose response, high volatile ester, HVE, low volatile ester, LVE, drift, droplet drift, vapour drift, 
phytotoxicity 
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Figure 2. The effect of various chain lengths on the efficacy of 2,4-D esters.  HV esters usually have  
2-4 carbons and LV esters have more than 7.  Adapted from Harvey (1988). 
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Movement of 2,4-D butyl ester and the dose 
response of three formulations of 2,4-D on canola 
John H. Moore, Department of Agriculture and Food, Western Australia, Albany 
KEY MESSAGES 
There was no significant damage to canola caused by 2,4-D butyl ester vapours more than a few 
metres from the edge of spraying when applied in conditions conducive to vapour drift but within the 
label recommendations. 
The no effect level of 2,4-D butyl ester (a high volatile form) and 2,4-D ethylhexyl ester (a low volatile 
form) on canola were similar and approximately 1 gae/ha.  2,4-D amine was less efficacious at the 
same rates of active ingredient and had a no effect level around 3 gae/ha. 
AIMS 
To determine the vapour movement of 2,4-D butyl ester under conditions conducive to vapour 
movement. 
To determine the dose response of 2,4-D butyl ester (a high volatile ester), 2,4-D ethylhexyl ester (a 
low volatile ester) and 2,4-D amine (a non volatile amine) on canola. 
METHOD 
Experiments were conducted on a 38 ha Rocket IT canola crop at Mt Barker Research Station.  Aerial 
digital multispectral imagery was taken for the paddock on 7/11/07. 
Experiment 1.  A 40 x 40 metre area of canola was sprayed on 3/8/07 with 2,4-D butyl ester at 
1000 gae/ha in 150 L/ha water using 110-03 nozzles at 200 kPa with a north west wind at 
4.5-7.3 km/hr, a temperature of 15.5°C and a relative humidity of 62% on 3/8/07.  The wind speed fell 
to less than 5 km/hr in the two hours after spraying.  The conditions and equipment were chosen to 
minimise drift and maximise damage due to vapour movement within the label recommendations.  The 
canola was at the 8 leaf stage and approximately 300 mm wide with approximately 50% ground cover.  
It was rated for visual symptoms on 8/8/2007 and photographed.  Dry weights were taken at 1, 5, 10 
and 50 m from the leeward side of the sprayed edge on 23/11/07. 
Experiment 2.  A logarithmic sprayer was used to spray the 2,4-D butyl ester (a ’high volatile‘ 
formulation), 2,4-D ethyl hexyl ester (a ’low volatile‘ formulation) and 2,4-D amine (a ’non volatile‘ 
formulation) at rates from 1000 g ae down to 0.0003 g ae/ha over a 100 m long by 5 m wide plot.  
Herbicides were applied on 3/8/07 in 283 L/ha water using 110-03 nozzles at 200 kPa with a NW wind 
at 3.5-8.2 km/hour, a temperature of 15.8°C and a relative humidity of 60%.  The canola was at the 
eight leaf stage and approximately 300 mm wide at the time of spraying.  Plots were rated for visual 
symptoms on 8/8/2007 and photographed.  Paired dry weights per metre row were taken on 14/11/08.  
One cut was taken from the treated area every 20 m along the sprayed plot and its pair taken 3 m from 
the edge of the plot on the unsprayed windward side that would not be affected by drift.  Each pair of 
cuts was used to calculate a percentage dry weight (%DW).  A logistic dose response curve was fitted 
to the percentage dry weight.  
The form of the logistic curve was %DW = A + C/(1 + EXP(-B*(X - M))) where A is the %DW at very 
high rates, C is the %DW at very low rates, B is essentially the slope at the mid point, M estimates the 
LD50 and X is the logarithm to base 10 of the herbicide rate in gae/ha.   
RESULTS 
Experiment 1 
There was no evidence of significant movement of the 2,4-D ester more than a few metres from the 
edge of spraying based on visual inspection of multi spectral imagery (Figure 1), photographic 
evidence (Figure 2) or visual inspections five days after spraying or at crop flowering.  Statistical  
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analysis on imagery has not been completed.  This pattern was also confirmed by dry matter cuts 
taken at a similar time in Figure 3. 
 
Figure 1. Aerial image from November of the surrounding crop and the area sprayed with 1 kg ae/ha 
2,4-D butyl ester on 3 August. 
 
Figure 2. Leeward edge of spraying 2,4-D butyl ester at 1 kg ae/ha show minimal damage to canola.  
The wind was from lower left to upper right at and after spraying. 
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Figure 3. Canola dry weights at various distances from the leeward edge of spraying of 2,4-D butyl 
ester (a high volatile form). 
Experiment 2 
Figure 4 shows the rate response for the three formulations of 2,4-D tested.  There was no significant 
difference between the high volatile (butyl) and low volatile (ehtylhexyl) esters and both were more 
efficacious than the amine formulation.  The LD50 for canola dry weight for the esters was 
approximately 5 gae/ha and for the amine approximately 72 gae/ha.  The NOELs (No Effect Levels) 
are more difficult to estimate but are around 1 gae/ha for the esters and 3 gae/ha for the amine 
formulation. 
 
Figure 4. The response of canola to three formulations of 2,4-D at various rates ranging from 0.0003 to 
1000 gae/ha.  (The standard error of the observations is estimated to be 1.88%.) 
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CONCLUSION 
There was little evidence of the movement of 2,4-D ester vapour moving more than a few metres from 
the site of application in damaging quantities.  This is contrary to popular belief, but consistent with 
other studies.  Damage from 2,4-D is more likely from direct droplet drift than vapour drift.  
In this work the 2,4-D ester formulations were more than 10 times more effective than the amine.  
However, this may be an over estimate as the slope of the amine dose response curve was greater 
than the ester and it is expected that they should be similar.  More detailed research on the dose 
response is required.  
KEY WORDS 
2,4-D, dose response, high volatile ester, HVE, low volatile ester, LVE, amine, butyl ester, ethylhexyl 
ester, vapour drift, tolerance, canola 
Project No.: GMW/001 
Paper reviewed by: Sally Peltzer 
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Pathways to registration – Improving pesticide 
research outcomes 
Dr Rohan Rainbow, Manager Crop Protection, Grains Research and Development 
Corporation 
KEY MESSAGES 
Improved pathways to registration will provide significant benefits to the grains industry including: 
• Improved national coordination of current pesticide research in grain crops. 
• Increased company commercial engagement in pesticide research. 
• Providing an improved pathway to registration from research investments.  
• Appropriate communication of registered pesticide research outcomes. 
BACKGROUND 
The issue of pesticide research and registration with the Australian Pesticides and Veterinary 
Medicines Authority (APVMA) is becoming more complex and the industry is increasingly being 
dominated by generic off-patent pesticides which attract limited data protection.  This is limiting 
commercial investment in additional label registration of these pesticides.  Pulses in particular have 
been affected by this limited investment and in combination with market size, this has been reflected 
by less new pesticide modes of action being registered in pulses.  Where there is no potential for data 
protection on off-patent generic pesticides, there is little interest from pesticide companies in meeting 
the cost of establishing maximum residue limits (MRLs), establishment of a new label registration, or 
adding to existing labels.  
The GRDC is concerned that there is currently a poor level of understanding within the agricultural 
scientific community on the current pesticide registration process, and understanding of appropriate 
communication of unregistered pesticide research results.  This potentially could result in research 
outcomes being inappropriately utilised by growers. 
MINOR USE PERMITS 
An effective mechanism to ensure that pesticides are available in developing crop industries such as 
some pulse crops has been the Australian Pesticides and Veterinary Medicines Authority (AVPMA) 
Minor Use Permit Program. 
Permits fall into three groups: 
1. Minor use permits which apply to situations usually involving new crops or low acreage crops 
(typically < 10,000 ha) or small portions of high acreage crops. 
2. Emergency use permits for situations such as outbreaks of exotic diseases or pests; and 
3. Trial permits which allow for chemical products to be used in research trials of varying size for 
scientific purposes, such as generating the data necessary to register the product. 
Information on current minor use permits can be downloaded from 
www.apvma.gov.au/permits/permits.shtml. 
The law requires that all agricultural and veterinary chemical products sold in Australia be registered 
by the APVMA.  In most States, registered products must only be used for those approved purposes 
that are specified on the label.  In practice, situations often arise where chemicals are needed for a 
use not specified on the label.  The size of a minor use crop is typically supposed to be less than 
10,000 ha, however in many cases the scale of the crop is currently larger.  The minor use registration 
process in the USA requires that minor use crops are less than 120,000 ha which is a vast difference 
for commercial cost of implementation and gives significance to the issues facing the Australian pulse 
industry in the generation of registration data. 
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The GRDC has invested in a minor use project AKC00001 and the follow on project AKC00002 − 
Registration for minor use chemicals for the grains industry.  This project is delivered by Kevin 
Bodnaruk and Steve Jones through AKC Consulting Pty Ltd.  This project has delivered significant 
support to the grains industry through supporting minor use registration applications, many of which 
are held by Pulse Australia.  This activity includes: 
• Re-assess the chemical needs and views of growers, manufacturers, advisers, peak bodies, 
regulators and other co-operators. 
• Identify critical minor use pesticide needs and requirements; and 
• Prioritise chemical usage areas of greatest need and importance. 
Contact has been maintained with all major industry groups.  In addition the project has been trying to 
identify key contacts in smaller unaligned grains industries.  This contact has been focussed on 
ongoing pest management needs in terms of pesticide access.  Government personnel, 
manufacturers, resellers and advisers are also being contacted to discuss the project and 
opportunities for input and or collaboration.  Through this project during 2006, 15 permits were issued 
with a further nine application lodged (three of which were subsequently issued in January 2007).  The 
permits covered fifteen crops, e.g. wheat, adzuki beans, lentils, pigeon peas, mung beans, chickpeas, 
field peas, linseed, safflower, sunflowers, faba beans, peanuts, borlotti beans, lupins and soy beans. 
These permits were for a range of insecticides, herbicides and a PGR.  These have included 
esfenvalerate, deltamethrin, chlorpyrifos, imazamox, metribuzin, terbutryn, methomyl, ethephon, 
clethodim, NPV, indoxacarb.  In most cases expired approvals have been added to commercial 
chemical manufacturer labels through consultation with those companies.  
Information on this project and current minor use permits for the grains industry including submission 
of suggestions for minor use permits can be downloaded from the GRDC website www.grdc.com.au 
and search for ‘AKC00001 minor use’. 
IMPROVING THE PATHWAYS TO REGISTRATION FROM PESTICIDE 
RESEARCH 
The GRDC is currently investing significant resources in a range of weed, disease and insect pesticide 
management research programs and a considerable amount of this research data is never captured 
on pesticide labels and so is effectively not available to grain growers.  The minor use registration 
program will only accommodate a proportion of the grain industry registration requirements.  There is a 
need for an effective mechanism to ensure the broader pesticide requirements for the grains industry 
are met into the future.  The GRDC intends to provide greater support to scientists involved in 
pesticide research, effectively coordinating this research on a national basis to enhance the production 
of data packages, particularly for generic pesticide registration.  Scientists will also be provided with 
training on appropriate communication of pesticide technology, understanding and development of 
maximum residue limits and appropriate engagement of support through the pathways to pesticide 
registration.   
The GRDC have discussed the need for a more rapid pathway to registration for ongoing pesticide 
research investment with the key pesticide industry stakeholders such as the APVMA and the peak 
pesticide industry body CropLife Australia.  An active database of all pesticide research investments 
by the GRDC will be developed including product, crop type and timing of application, research 
outcomes, MRL data, flagging of needs for establishment of MRLs using good laboratory practice 
(GLP) and priority for label registration.  This will include an annual national meeting held with key 
scientists managing pesticide research with representation from the pesticide manufacturing industry 
to discuss and prioritise opportunities for label change and coordinate participation in this process.   
It is important to recognise if existing MRL data is available in prioritising pesticides for inclusion in 
research programs.  Grain, stubble pesticide residue and grazing studies can be a very significant 
additional cost to a project.  For example a residue study using GLP would typically be $75,000 to 
$100,000 and a grazing study would be over $200,000.   
There are significant benefits from this approach such as improved pesticide use by growers, reducing 
production costs and improve quality assurance compliance.  This approach will include improved 
prioritisation of suggested modes of action that have a good fit in the farming systems and with scope  
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of low resistance issues.  Issues such as existing MRL data availability for the crop type must be 
considered in these projects regardless of the efficacy and improved crop tolerance. 
CONCLUSION 
There is a need to improve herbicide registration outcomes from GRDC research investments, 
e.g. fleabane control in chemical fallow.  Pesticide registrations are a key output of GRDC investments 
and it must be recognised that this research is not completed until improvements to recommended use 
are actually on the label. 
Pathways to registration will: 
• Build on work already carried out in the GRDC ‘Minor Use’ project AKC00002. 
• Provide a database of all GRDC funded pesticide research – ai, MRLs, crop type, application 
method and timing, region. 
• Engage chemical manufacturers through CropLife Australia. 
• Prioritise industry needs to fast-track key label registrations.  
• Promote improved projects collaboration with manufacturers for data package development. 
The GRDC plans to implement ‘Pathways to Registration’ in 2008 which will result in increased 
coordination of pesticide research supported by the GRDC and will result in a more rapid pathway to 
registration for ongoing GRDC pesticide research investment.  This project will result in improved 
pesticide use by growers, reducing production costs and improve quality assurance compliance to 
mitigate the risk of pesticide residues in grain exports.  Further detail on ‘Pathways to Registration’ will 
be available in mid 2008. 
Further Information 
Dr Rohan Rainbow, Manager Crop Protection, GRDC 
Ph:  (02) 6166 4500 
E-mail:  r.rainbow@grdc.com.au 
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